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ABSTRACT 


The  Investigation  of  the  feasibility  of  utilizing  the  endotl^relc 
and  enthalplc  capacity  of  hydrocarbons  to  fuel  and  cool  high  speed  alrcevft 
s  continued.  ^  W»  *VTT-.“'30»i*»>,d~  **  mirvey  yU.a  AX Ut*Wi»art  yrn»M  r*?er- 
www  of  lnVer-Vfefln  -Urte- application.  Calculation  of  the  cooling 
requirement  for  a  Mach  8  supersonic  combustion  raajet  eng  In*  under  standard 
condition*  Indicate  that  this  would  be  about  1900  Btu  per  pound  of  fuel. 

The  possibility  of  utilizing  the  dehydrogenation  of  bridged-ring 
naphthene*  for  providing  additional  heat  s<n>.  haa  been  atudled  but  no  suit¬ 
able  catalysts  hove  been  found  for  this  reaction.  Studies  on  nethods 
accelerating  the  the  real  cracking  of  paraffins  by  means  of  additives  has 
shown  seas  premise.  In  the  dehydrogenation  of  n aphthenea  over  supporteo 
platlnua  catalysts  the  stability  of  the  catalyst  was  found  to  be  inversely 
proportional  to  the  pore  size  of  the  support,  and  Is  also  affected  by  the 
composition  of  the  support.  Efforts  to  Induce  the  dehydrogenation  cf  nethyl- 
cycloheiane  using  dispersed  catalysts  has  net  with  raw  success.  Also  quite 
aarked  variations  In  the  rate  and  type  of  reaction  have  been  observed 
depending  on  the  type  and  source  of  the  aetal  uceu  for  the  reactor  tube. 

A  large  nuaber  of  additional  granular  catalyst#  have  been  tested 
for  their  activity  In  dehydrogenation  of  MCH.  Although  about  one  third  of 
these  are  superior  in  activity  and/or  stability  to  cur  standard  labors tc-y 
catalysts  none  of  outstanding  activity  has  been  discovered.  The  attractive 
concept  of  emplacing  a  catalyst  on  a  reactor  wall  has  continued  to  to-  studied 
with  considerable  success.  Calculations  showed  that  diffusion  limitations 
could  be  avoided  If  a  wall  coating  thickness  of  no  00 re  than  3  nils  was 
aaintalned.  Testing  of  wall  catalyst  of  about  this  division  In  the  FSSTR 
resulted  Is  satisfactory  operation  with  high  utilization  of  the  catalyst  and 
no  pressure  drop.  Also  for  the  first  tine  In  the  KS5TR  an  improved  catalyst 
from  the  catalyst  development  program  has  been  tested  and  found  Indeed  to  be 
superior  to  the  standard  R-8  catalyst.  Decal  In  has  also  been  dehydrogenated 
over  the  same  catalyst.  Heat  transfer  studies  have  been  carried  oat  with  MCH, 
Decal  in,  SHEU£YKZ-H,*and  JP-7  fuel  in  small  dlaneter  test  sections  under  heat 
fluxts  up  to  8  x  10*  Btu  per  hour  per  square  foot*  Studies  on  the  effect  uf 
high  temperatures  of  the  thermal  stability  of  various  fuels  of  Interest  have 
been  continued  with  emphasis  on  methods  of  measuring  the  deposit  left  on  tube 
surfaces.  Combustion  and  electron  back-scattering  are  the  methods  of  present 
choice  and  an  instrument  based  on  a  latter  principle  haa  been  designed. 
Construction  of  mathematical  models  to  represent  the  various  portions  of  an 
endothermic  fuel  system  has  been  continued  with  the  development  of  heat 
transfer  correlations  and  s  model  for  the  reaction  kinetics  of  Decal  In  dehy¬ 
drogenation.  Physical  properties  for  Decal  in  and  JP-5  are  included.  Calcu¬ 
lation  of  the  rate*  of  oxidation  of  normal  octane  and  SKEUDTNE-H  frvs  shoch 
tubs  studies  indicates  similar  rates  of  reaction  and  a  similar  low  response 
to  the  effect  of  temperature. 
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As  a  irfcreathing-engine-prcpelied  reticle  speeds  Lncreaa*’  tt«*rsal 
profclee*  s-ltipiy  due  to  the  effect  of  stagnation  teB^ratar*.  While  total 
cooling  needs  incr ease,  the  s>ost  critical  region*  are  the  leading  edge*  scat 
the  engines.  Although  theraal  effect*  can  be  soaevnat  acccModshed  by 
isproved  saterials  and  passive  cooling,  sustained  hypersonic  flight  ia  the 
atmosphere  requires  a  substantial  sins-  Coopered  to  a  mechanical 

refrigeration  syrte*  or  a  aco-ccrobustlble  coolant  the  fuel  La  the  best  tcuree 
of  cooling. 

The  objective  of  this  study  is  to  provide  -.he  Information  necessary 
for  specifying  fuels  which  will  be  capable  of  providing  cooling  and  provision 
ft—  engines  powering  aircraft  in  tr.e  speed  range  above  .la eh  J.  3ueh  a  fuel 
will  provide  cooling  by  giving  up  its  latent  and  sensible  heat  and  by  under¬ 
going  endothermic  reactions  before  it  is  fed  into  the  engine.  Practic*liyf 
this  could  be  in  the  teepe nature  range  Up  to  about  1*00 'F.  In  order  for  tar 
fuel  to  function  in  this  earner,  it  .oust  nave  excellent  there*!  rtaci.lty  up 
to  the  temperature  at  which  t—actlcn  occurs  and  also  it  and  it*  reaction 
products  oust  be  stable  to  ary  pest- reaction  heating  aw  id  failing  profcleo*. 

F.el  aui»t  react  cleanly  and  rapidly  under  the  tesptracure  and 
pressure  conditions  prevailing  In  the  .neat  excnangcr-reactcr,  oust  provide 
sufficient  heat  sink  to  absorb  the  amount  of  heat  required  to  preserve  the 
integrity  of  the  engine  or  ether  parts  being  cooled  ana  finally  it  and  its 
reaction  products  rust  be  suitable  f-cls  for  providing  propulsion  for  the 
aircraft. 

This  report  details  result*  obtained  over  the  part  15  axxrtha  ia  a 
continuing  effort  of  research  in  this  area.  Result*  of  previous  worn  are 
given  under  the  annual  quarterly  reports  under  the  appropriate  contract.* ^ 

In  order  to  allow  precise  definition  of  fuel  required  for  such  service.  Its 
behavior  in  various  parts  of  fuel  ccobusticn  system  ha*  to  be  determined.  In 
order  to  achieve  this  we  have,  in  general,  examined  various  probl me*  that 
night  arise  under  application  conditions.  We  have  studied  thermal  stability 
problems  that  could  originate  in  fuel  tanks  and  various  neterlng  devices  and 
fuel  lines,  deposition  or  cosing  problems  that  could  affect  the  efficiency  c < 
the  heat  exchanger-reactor  devices  and  catalysts  or  plug  fuel  nozzles,  and 
have  determined  combustion  parameters  which  will  be  useful  in  the  specifica¬ 
tion,  design  or  operation  of  the  ccabustion  chanters.  In  order  to  provide 
specific  interpolation  or  extrapolation  of  experimental  data  or  to  develop 
generalized  correlations  axxngst  various  fuels,  w»  have  been  endeavoring  to 
asaeoble  all  pertinent  physical  and  .heraochenical  data  for  the  fuels  studied 
and  utilize  available  proprietary  or  literature  methods  of  correlation. 

Fuels  have  been  selected  an  the  basis  of  their  general  suitability 
aa  fuel*  and  particularly,  on  the  basis  of  the  aaount  of  burnt  sink  that  they 
provide.  Both  catalysts  and  fuels  in  specific  combinations  have  been  tested 
in  laboratory  equipment  to  determine  reaction  rates  and  activities  and 

aj  See  References. 
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stabilities  of  catalyst s.  Following  the  obtaining  of  this  basic  i*ta,  la 
order  to  subject  the  heat  sink  system  to  conditions  acre  nearly  sppr-ochiag 
thoae  that  prevail  under  application  conditions,  the  final  ft-p  Ln  the 
evaluation  of  the  reacting  systems  involves  the  use  of  the  fuel  system 
simulation  test  reactor  (FSSTH )  which  la  a  heat  ccctpenea ted  flow  calorimeter, 
ins  tr  user,  ted  to  allow  the  detera-nation  of  heat  flux,  !>eat  transfer  coeffi¬ 
cients  and  preasure  drops,  as  well  as  degree  of  reaction-  Information 
1  (one rated  in  this  way  is  utilised  in  the  construction  of  a  mathematical  model 

i  of  the  syst «*  which  can  be  utilised  by  engine  designer*  and  airframe  aaaxfac- 

turera  for  aytteas  design*. 

Studies  done  to  date  ind  cate  that  the  beat  chance  of  success  for 
application  of  the  heat  sink  endothermic  reaction  principle  will  be  t ia  th* 
catalytic  dehydrogenation  of  naphthene  hydrocarbons.  The  most  extensively 
studied  system,  and  the  only  one  that  has  been  carried  through  the  FSSTR  stage 
of  experimentation  completely,  is  th*  methyl  cyclohexane  •  Pt/Al^Gj  ecmfcina- 
tiae.  Good  representation  of  this  system  by  the  mathematical  model  has  been 
achieved.  The  necessity  for  more  active  and  more  stable  catalysts  has  been 
indicated  by  experimentation  in  this  unit.  Th*  Importance  of  restricting 
the  oxygen  content  of  the  fuel  under  severe  conditions  has  also  been  demon¬ 
strated.  Combustion  studies  have  indicated  that  do  unique  limitation*  on 
either  subsonic  or  supersonic  combustion  burning  should  exist  in  a  practical 
system. 


In  early  work  a  limited  number  of  readily  available  catalysts  were 
tested  with  a  variety  of  possible  fuel  materials.  Reactions  of  Interest  which 
have  been  studied  include  dehydrogenation,  dehydrocyc lota t ion  and  depolymerl- 
satlon.  We  found  that  reasonably  promising  catalysts  existed  for  the  first 
reaction  but  no  existing  catalysts  were  sufficiently  active  or  stable  to 
allow  utilisation  of  the  other  two.  based  on  the  amount  of  heat  sink  avail¬ 
able  and  existing  kinetic  considerations  w#  have  emphasised  mainly  th%  devel¬ 
opment  of  batter  catalysts  for  the  dehydrogenation  reaction,  since  high  beat 
fluxes  demand  high  fuel  flows  and  short  contact  times.  Accordingly  we  have 
been  conducting  an  extensive  catalyst  development  program  aimed  at  producing 
more  active,  more  stable  and  cheaper  catalysts.  This  involves  a  small  seals 
preparation  of  a  wide  variety  of  catalysts  in  which  catalytic  elements  (e.g., 
transition  metals)  are  deposited  on  s  variety  of  substrates,  such  as  alumina, 
which  can  modified  by  the  introduction  of  ancillary  elements.  Such 
catalysts  are  always  tested  under  standardised  conditions  ln  a  small  scale 
laboratory  unit  (the  micro  catalyst  test  retetor,  MICTR)  for  preliminary 
screening.  The  best  ones  are  then  subjected  to  more  extensive  tests  ln 
larger  laboratory  (bench  scale)  equipment.  Za  order  to  minimise  pressure 
drop  and  the  possibility  of  coking  we  have  been  studying  the  ccooept  of 
applying  th#  catalyst  either  as  a  thin  film  on  the  wall  ot  tubes  or  as  soluble 
or  dispersed  Integral  catalysts  with  the  fuel  which  will  be  otnaumed  with  the 
fuel  in  th*  engine. 

On  the  basis  of  work  already  done  on  oombustlcn  problems  with 
hydrocarbon  systems  and  because  of  the  possibility  of  the  application  of 
higher  molecular  weight  fuels,  more  work  mat  be  dons  on  th*  supersonic 
combustion  aspects  of  endothermic  fuels  and  reaction  products.  On  this  basis 
we  have  recently  modified  our  shock  tube  equipment  to  allow  us  to  operate  at 
higher  temperatures  and  pressures. 
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In  order  to  eval.ete,  la  a  *tort  length  of  tine,  the  behavior  of  >8 
endothermic  fuel  under  condition*  simulating  those  cf  probable  actual  use,  a 
device  was  Sulli  for  measuring  the  thermal  stability  arid  plugging  tendencies 
of  fuel*  In  such  fUel-cetslysts  system*  under  stai-dardlted  ccoditicvs*.  This 
device,  celled  the  catalyst  fuel  ey«te»  test  reactor  (CAFSTS),  ha* 
performed,  ope  rationally,  very  satisfactorily  but  a  major  problem  t*  th* 
evaluation  cf  the  degree  of  fouling  of  the  teeting  tube*.  This  1*  al*liar  to 
the  proble*  encountered  with  the  Erdco  coker  but  1*  sore  severe  la  thi#  came 
because  of  the  high  temperature*  involved  sad  tt<e  fact  that  the  high  tempera¬ 
ture  alloys  used  change  color  on  beating.  We  originally  intended  to  Measure 
the  change  In  heat  transfer  but  this  proved  t-;  be  unreliable  at  If*  deposit 
levels,  rtore  recent  studies  hare  been  directed  towards  d?viain<  a  method  of 
evaluating  the  amount  of  deposit  on  the  tube.  «  favor  either 

removing  the  deposit  quantitatively  by  combustion  or  measuring  the  thiekn*sa 
ty  beta  ray  back  scattering,  which  seem  to  give  comparable  results. 

Studies  lave  al30  been  undertaken  to  support  contractors  working 
on  the  development  of  alssiles  which  will  utilise  er.thalple  fuel  cooling. 

These  Involve  developing  physical  and  themochemical  properties  for  fuels  of 
interest  as  well  as  stuping  the  behavior  of  such  fuels  In  the  FSSTJl  at  heat 
fluxes  up  tc  6  x  10*  Btu/hr/sq  ft  In  a  variety  of  tube  .ites  ranglrg  down  to 
an  Internal  diameter  of  0.026  in.  This  involves  studies  with  conventional 
advanced  Jet  fuels  as  well  as  the  high  density  fuel,  SHEUCTKZ-M. 

Acre  recently  renewed  interest  has  develrwd  in  the  greater 
utilisation  of  fuel  cooling  for  improving  the  thermal  efficiency  of  turbln* 
engines  by  Increasing  cycle  temperatures  through  fuel  cooling  (either,  direct 
or  indirect)  of  combustors  and  turbine  blades.  This  system  can  be  useful  even 
for  engines  for  subsonic  aircraft.  We  have  been  cooperating  with  such  effort* 
by  supplying  Information  and  opinion*  regarding  the  Interaction  of  the  fuel 
with  the  system. 


Soma  Idea  of  the  extent  of  our  Interaction  with  other  contractor* 
In  the  general  area  of  advanced  fuels  and  propulsion  systems  is  indicated 
in  Figure  1. 


Suonary 


A  number  of  papers  have  been  noted  which  are  of  interest  in  oomuc- 
tion  with  the  general  problem.  They  Involve  shock  relaxation  in  a  particle 
gas  mixture  with  mass  transfer  between  phases,  a  study  of  liquid  Jat 
penetration  in  a  hypertonic  stream,  ignition  dei^,  in  diffusive  Mpersamie 
combustion,  optimum  body  geometries  of  minimal  heat  transfer  at  hypersonic 
speeds,  an  equation  for  stagnation  point  radiative  heat  transfar,  design  of 
a  leading  edge  for  a  hypersonic  Inlet,  and  consideration  of  turbine  cooling 
systems.  These  are  reviewed  and  ccmmanted  upon  briefly.  In  addition,  we 
have  done  a  straight  forward  calculation  on  the  amount  of  heat  sink  required 
by  Mach  8  supersonic  combustion  ramjet  engine,  for  the  rather  simplified 
assumption*  that  were  made,  the  heat  sink  comes  out  almost  equal  to  that 
which  could  be  provided  by  the  complete  dehydrogenation  and  beating  of  HCM 
to  about  1200*F,  namely  1900  Btu/lb  fuel. 


laboratory  studies  of  candidate  fuela  and  tome  catalyst  system* 
war*  continued.  In  order  to  extend  the  eoope  of  the  laboratory  data  on 
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the  real  reaction  for  MCM  and  Dvcalin  the  pressure  rating  of  the  bench  eo*i* 
systee  v««  increased  to  1000  pel  sod  th*rsal  reaction  studies  were  ccoi-c ted 
under  these  conditions  *t  tcepers-ires  tt  127?  *f*  Compared  If  ttf urea •. I on 
obtained  at  lever  pressures,  it  *,yearc  that  the  first  order  rat*  constants 
were  indifferent  to  prees-r*  InJ 1  ca : Log  *  true  first  order  kinetic  *ch*o«». 

Gss  and  liquid  product  ccrrpoaitlon  were  net  effected  aj  auen  with  Decalin  m 
1CH.  CUi#  formation  was  higl..r  in  both  case*  with  higher  prest at*  ►•♦  *VI» 
may  be  an  affect  of  Increased  contact  time.  ie^rcliy,  the  l&crauad  pressrure 
gave  ion  hyder^p-a^  CH*  and  saturated  fiyJrocarbcns. 

Th#  effect  of  various  additives,  capable  of  producing  fra*  radical*, 
on  the  rat*  of  thermal  cracking  cf  n-dcdecaae  has  been  investigated  to  deter¬ 
mine  if  the  rate  and  specificity  of  .his  reecticn  could  be  enhanced  enough 
to  -r_ke  it  useful  for  endothereic  coclirq’.  3d#e  success  has  been  achieved 
In  that  the  rate  has  been  increased  sixfold  at  ca  lCWO’F,  although  the  effect 
decreases  at  higher  temperatures.  Product  distribution  is  a'wut  ti*  sm m  as 
without  catalyst.  This  approach  looks  premising  and  the  study  will  be 
continued. 

We  have  recently  ccnstrueted  a  pulse  reseter  for  Investigating  the 
reactivity  of  various  fuel/catalyst  combination*  under  this  mod*  of  reaction. 
The  pulse  reactor  has  the  advantage  of  requiring  only  about  1  aicroliter  of 
fuel  per  experiment  with  the  products  of  the  reaction  being  led  directly  to 
a  fas  chromatographic  analyzer.  This  allows  rapid  completion  of  the  expert* 
sent.  Ffcny  of  the  reaction  atudies  reported  were  carried  out  in  the  pulse 
reactor.  Six  catalysta  developed  under  our  catalytic  development  pre vrran  and 
indicated  to  be  superior  to  the  reference  catalyst  wer®  examined  In  the  puls* 
reactor  using  MCH  ss  the  test  fuel.  Two  characteristics  were  acted  with  this 
aeries  of  experiments.  First,  all  the  catalysts  shewed  a  imeh  enhanced 
reactivity  In  the  pulse  reactor  ccepared  to  their  behavior  in  the  standard 
bench  scale  equipment  by  a  factor  of  about  200  fold.  This  is  probably  due 
to  the  absence  of  diffusion  limitations  because  of  the  small  volume  ratio  of 
the  charge  to  catalyst  pore  volume  and  to  the  very  anil  temperature  drop 
resulting  from  reaction.  Second,  the  catalysts  did  not  display  as  great 
difference#  In  behavior  under  pulse  reactor  conditions  and,  third,  sore 
hydrocracking  leading  to  benzene  was  evident.  Also,  deactivation  was  sore 
prominent  when  helium  carrier  gas  was  used.  Similar  resulta  were  observed 
when  Decal  in  was  tested  in  the  pulse  reactor,  although  sore  differences  In 
detail  exist  for  the  thermal  reaction  between  the  pulse  end  bench  scale 
reactors,  probably  due  to  differences  in  the  effect  of  contact  time  In  the 
two  types  of  equljaent.  Diaethanoldecalin,  a  possible  high  density  fuel 
component,  which  la  capable  of  undergoing  catalytic  endothermic  dehydrogena¬ 
tion,  was  also  tested  at  both  the  thermal  and  catalytic  dehydrogenation 
conditions  in  the  pulse  reactor.  Thermally,  it  reacted  more  slowly  than  EMI 
but  eatalytically  it  did  not  appear  to  give  a  cleat  lehydrogenatlon  reaction. 
Considerable  cracking  occurred  accompanied  by  catalyst  deactivation  and  the 
total  conversion  was  less  than  1/3  that  displayed  by  DHH.  This  suggests  that 
this  strained  type  of  molecule,  which  contains  cyelopentane  rings  in  its 
structure,  beheves  on  dehydrogenation  "■"—-vhat.  like  cyelopentane  which  is  very 
prone  to  dehydrogenate  to  coke  as  well  as  other  wide  reactions.  In  experiment* 
with  bioyeloh'.ptaae  in  the  pulse  reactor,  it  eppeared  that  the  reaction  tub* 
was  catalysing  the  reaction.  This  was  Investigated  more  extensively  using 
Decalin  as  the  feed  material.  Comparison  of  different  tubes  from  different 
■amfaetoumrs  of  JOk  stainless  steel  and  one  tuba  of  316  stainless  steel  from 
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•  atLll  dlffarent  aanufacturvr  indicated  that  th<*7  til  apparently  catalyzed 
the  reaction  to  different  degree*  and  In  different  waya.  The  )JA  lUlnlm 

•  teel  appeared  to  «ct  «•  a  rather  poor  dehydrogenation  eetalyct. 

Experiment*  with  8CH  Indicated  that  It  we*  a  iso  1#**  r*ac  t 1  t*  VrC. 
theraally  and  cataiytlcnlly  than  Decalln.  It  .au  quit*  aimilar  In  It* 
reaction*  to  dlmethanoldecailn.  Cataljrtie  reaction  even  In  th#  presence  of 
catalyst  »«*  to  be  aainly  in  th*  direction  of  thermal  decaejex-ltion.  The 
*  rat*  of  catalyst  deactivation  was  quit*  high.  It  appears  that  for  these 

bridged  ring  compounds  the  present  platioi*  on  alumina  catalysts  we  era 
utlnc  are  not  affective.  Experiment*  ce  th*  us*  of  integral  caUlyat*  with 
•CM  have  also  been  continued  in  th*  pulse  reactor.  Positive  iadleeticaw  of  ' 
catalysis  have  bean  observed  although  non*  of  the  catalysts  has  tees  as  active 
or  as  selective  as  th*  Pt/A1^03  catalyst  in  either  the  bed  or  well  for*.  At 
1022 *r  the  most  active  naterlsl  gave  conversion  and  the  meet  selective 
gave  80i  selectivity  for  aromatic*.  Generally,  oonversions  were  lese  than  lOf 
and  selectlvlties  were  13  to  JO#.  Indication*  are  that  the  structure  of  th* 
additive  molecule  had  a  considerable  affect  cn  th*  activity  of  th*  aatar ial 
a*  *  catalyst. 

Th*  effort  to  produce  improved  granular  catalysts  has  continued. 

Up  to  date  627  different  catalysts  have  been  obtained  or  prepared  and  scat 
of  these  have  been  tested  for  MCH  dehydrogenation.  We  have  finally  succeeded 
in  preparing  a  non-platinum  containing  catalyst  with  properties  practically 
equivalent  to  th*  reference  catalyst,  by  improving  th*  performance  of  a 
!  previously  prepared  promising  catalyst,  which  however  had  poor  temperature 

j  and  conversion  stability,  by  pretreating  the  support  before  inpregnaticn. 

Several  platinum  containing  catalysts  have  teen  lap  roved  In  performance  by 
th#  addition  of  non-reduc ible  oiide*  in  low  concentration  to  the  support. 

Five  platinum  catalyst*  on  a  specific  support  have  been  improved  in  perfor¬ 
mance  over  that  of  th*  reference  catalyst  by  ion  exchange  of  selected 
element*.  About  35#  of  all  catalyst*  prepared  have  had  greater  activity 
than  th*  reference  catalyst.  However,  la  no  case  was  the  improvement  in 
activity  spectacular.  We  found  It  puss  lb  1*  to  promote  an  inactive  aetal  on 
Aluaina  catalyst  by  th*  addition  of  other  aetal*,  in  all  cases  to  a  greater 
•* teat  that  could  have  been  achieved  with  th*  added  aetal  separately.  Th* 
effect  of  emplacing  the  aetal  in  the  fora  of  a  chelate  did  not  offer  any 
advantage*  over  using  the  older  aetaliting  salt  solution  and  in  fact  had  a 
tendency  to  promote  era cling  of  toluene  to  bensena. 
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The  effect  of  the  catalyst  pore  size  cn  catalyst  stability  for  the 
dehydrogenation  of  MCH  was  determined.  We  had  previously  shown  that  in  the 
dehydrogenation  of  Decalln  over  the  sane  group  of  P1/AI3O3  catalysts,  the 
stability  was  an  inverse  relation  of  the  average  pore  diameter*  Similar 
relationship  was  found  for  MCH  sxocpt  that  this  system  was  nor*  tolerant  to 
reduoed  pressure.  Similar  rates  of  poisoning  occurred  at  1  atm  compared  to 
10  atm  for  Decalln.  This  phenomenon  has  previously  been  explained  on  th* 
basis  of  the  variation  of  hydrogen  partial  pressure  within  th*  pores  with 
the  small  pores  favoring  higher  partial  pressures  and  thus  lower  rate*  of 
poisoning.  The  asms  explanation  seems  to  hold  in  this  case.  The  ana  excep¬ 
tion  to  the  correlation  scene  to  be  explicable  either  an  th*  basis  of  partial 
plstinlxation  or  on  a  higher  than  first  order  correlation  with  port  disms  ter. 
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Effort#  to  develop  •  satisfactory  wl  1  catalyst  in  cedar  tc 
mininlte  pressure  drop  hart  continued  with  enccairegtag  indication#  cf  «*t<eae. 
Calculations  indicate  that  such  •  systaa  ahojid  net  be  heat  tranafer  limited 
provided  f l.i id  flow  through  the  syst*a  i*  lo  a  bLct.ly  turbulent  ecoiiticm. 
Diffusion  limitation  can  be  avoided  by  keeping  the  thickness  of  catalyst 
layar  belcar  *b«it  t  ails.  Effort  in  the  label  a  lory  h.va  bean  directed  aainly 
to  improving  adhesion  to  atainles#  ateel  surfaces.  Cartel  tine  •«  rpo#y 
coating  or  deccsspcw  Lng  a  metsi  aalt  did  not  prow  Ida  a  food  base  for  ^a  wall 
catalyat  but  cne  unlerccating  material  waa  taati  which  promoted  good 
of  the  catalyst  to  stainless  steel.  Fretrea^aent  wit h  hot  nitric  or  fiflro* 
chloric  acid  did  not  improve  adherence  although  sand  blasting  did. 

Two  1/8"  dia  s  2'  long  tubes  coated  with  wall  catalysts  cents  Uiae 
a  Ft/dXjOs  catalyst  harw  barn  examined  in  tha  FSCT*  with  generally  encouraging 
raault#.  In  tha  firat  aariaa  of  experiments,  in  which  no  pevar  waa  a^plisd 
to  tha  catalyat  taction  but  tha  faad  waa  preheated  tc  aa  high  a#  lflOO  , 
cracking  aa  wall  aa  dehydrogeaa t ion  occurred,  in  tha  second  aariaa  with  a 
different  catalyat,  no  cracking  occurred  either  whan  no  power  wax  applied  to 
tha  catalyst  aactlcn  or  whan  it  wa*.  At  tha  highest  power  level  up  to  J6i 
oenveraion  to  toluene  occurred  at  an  LiC V  of  6, WO  with  ro  significant 
pressure  drop.  However,  on  increasing  tha  pewsr  to  tha  sec  tier.,  same  daacti* 
watlcn  of  tha  catalyat  occurred  which  redhead  tha  efficiency  cf  tha  catalyat 
cn  returning  to  lower  power  inputs.  However,  during  tha  period  of  satis¬ 
factory  operation,  the  efficiency  of  tha  catalyst  in  tens  cf  weight  of 
toluene  produced  par  unit  weight  of  platinum  par  hour  waa  about  k  tinea  that 
experienced  in  a  2*  long  packed  bed  type  reactor. 

Investigation  of  tha  coding  capacity  of  various  possible  missila 
fuel#  under  non- react  ire  conditions  was  continued  using  tha  miniature  tubes 
in  tha  FS5TR  unit.  The  fuels  being  studied  for  this  application  are  MCH. 
Dfecalin,  SHEUDTNE-H,  and  F-71  (JP-7).  These  are  being  studied  in  tha  first 
Instance  under  conditions  where  tuba  burn  out  or  eoka  formation  la  unlikely , 
that  is,  relatively  low  fluid  temperatures.  Meat  transfer  to  Dvcalln  and 
F-71  have  been  studied  at  heat  fluxes  ub  to  8  *  10*  Btu/hr/aq  ft  and  with 
SHEUDDO-H  at  a  heat  flux  up  to  k  x  10*  Btu/hr/aq  ft.  Correlative  studies 
have  also  been  carried  out  on  the  information  obtained  frem  this  unit  at 
values  of  hast  fluxes  up  to  6  x  10®  Btu/hr/aq  ft.  Good  correlation  was  __ 
obtained  using  MCH  as  fuel  with  the  equation  Mu  •  0.000595  Re**  *  x  Pr°* 

Hjch  better  correlation  was  obtained  with  this  equation  than  with  Dittus- 
Boaltar  or  the  Sieder-Tats  equations.  Tha  applicability  of  this  particular 
correlation  for  other  fuels  in  the  study  and  under  sore  savers  temperature 
conditions  will  be  determined  in  tha  future. 

Che  of  the  best  catalyst*  for  MCH  for  tha  development  program 
(Shell  113)  has  been  run  in  t he  FSSTR  with  both  MCH  end  Decslin  as  feeds. 

With  MCH  in  a  2’  reactor  at  LHSY  -  1530  in  comparison  with  1-8  catalyst, 
excellent  results  were  obtained  with  3-  5*  greater  oanversion  at  30*F  lower 
exit  temperature.  Sam  deactivation  occurred  at  the  highest  heat  flux  but 
the  catalyst  oould  be  regenerated  by  H*  treatment.  The  Decslin  runs  in  tha 
ID*  reactor  at  Ufl  LH3V  were  tha  first  attamptad  with  this  faad  in  tha  ISST* 
and  no  problems  are  encountered.  Reactivity  with  Decalin  was  oonarabla  to 
that  with  MCH  although  deeotlvaticc  occurred  more  rapidly  at  tbs  highest  hast 
flux,  as  would  be  predicted  from  bench  seals  results. 


-T“ 


[  *  i 

! 

< 

•  *  -  *  t* 

>  * 

* 

s:4l^>v 

* ' 

- 

».  **■'’  - 1  -»  <■■*+•  .  '-.nfv  ■%  Mvki  -  V»*J- 

^  %  . 

Wiif 

**  .  V.  CJ^v.'V 

r.  W'V*  f 

,  •»  *  *  » 

*  -  *  * 

: 

& 

4  ■  . 

■■’*3 


AJA  PUT  *-*7-114 

pah  in 


Investigations  tnto  the  thermal  stability  of  t uels  of  leter*at  were 
ocnilhued.  Statistical  treatment  of  SO  Ccker  data  for  Decalln,  r:-cmrr<t  tut 
SKKU-ItXJ-H  hu  been  applied  and  correlative  rj*.at  Lcrs  bar*  been  derived 
exprefvlag  the  taxings  code  and  total  code  rating  la  .era#  of  tempera*. ure. 

In  per*  re  1  the  equations  represent  the  experimental  vein**  to  vita  la  ace 
tuabrr  for  Muiaa  cod*  ratine*.  Treasure  over  the  range  150-400  j»  ig  bad  so 
•  igrdfisnnt  effect  cn  coker  rating*.  It  was  found  also  that  tltaaiji  as  a 
coker  tube  material  Heed  to  praeote  a  heavier  deposit  than  did  alunlamu 
tamtf,  this  evaluation  suffers  from  the  subjective  nature  of  tbe  rating 
method. 


A  brie*  etudy  has  been  ecokjsted  in  the  SD  Recycle  Coker  with  a 
thermally  « table  fuel  to  deterri ne  the  trade  off  aspects  of  tine  and  teerper*- 
tur ?  on  the real  stability  in  this  coker.  Tlae  was  varied  from  l-»  hours, 
temperature*  from  600-6T5*  and  the  pressure  was  held  ocnstsnt.  Tbe  data 
obtained  was  treated  by  regression  analysis  and  entices  relating  the 
sailsum  tube  and  total  tube  rating  to  tine  and  tenperature  were  lev* loped. 

Coker  ratings  increased  with  both  tine  and  temperature  but  an  interact  lam 
effect  was  evident.  Results  indicate  that  it  would  be  possible  (with  this 
fuel)  to  reduce  the  test  tins  from  5  to  2  hours  by  increasing  the  temperature 
by  about  20*.  A  short  study  was  also  made  on  the  effect  of  different 
polishing  agents  on  the  results  obtained  in  this  coker.  Using  DecelLa  as  a 
test  fluid,  several  different  polishing  agents  were  used  in  the  prepare’. Lao 
of  the  tubes  with  a  nsall  but  measurabls  effect  cn  maximum  cede  ratine  but 
a  rather  greater  effect  an  total  rating.  With  the  specification  (A-l;  polish, 
the  effect  of  achieving  a  0.)  rather  than  0  fresh  tube  reting  had  no  signifi¬ 
cant  effect  in  tbe  case  of  Decal  In,  but  bad  a  considerable  effect  in  tbe  case 
of  SKElUma-H.  Thermal  stability  values  have  also  been  determined  in  the  SD 
Coker  for  dimethanodecalin  and  XJ-k  fuel.  Estimated  break  points  for  these 
fuels  are  respectively  575  and  625*F. 

Xa  the  determination  of  thermal  stability  la  the  SO  Coker,  a  number 
of  different  solvents  have  been  used  in  order  tc  ensure  clean  liners  before 
beginning  the  next  run.  Since  the  possibility  existed  that  same  of  the 
solvent  could  be  left  in  the  system  accidentally,  the  cfrect  of  If  of  a  number 
of  ordinary  solvents  has  been  checked  using  Decalla  as  a  substrata.  Of  the 
doasn  or  so  checked,  dimethylsulfoxide,  methylene  di chloride  and  perchloro- 
ethylene  were  found  to  have  a  markedly  adverse  effeet  an  the  measured  thermal 
stability.  A  previous  result  which  indicated  that  a  high  surface  area  of  Iras 
in  contact  with  Deoalin  could  have  a  negative  effect  an  the  thermal  stability 
of  th*  Decalin,  has  been  disproved  by  subsequent  experimentation.  Recheck  lag 
the  results  with  cupper,  however,  confirmed  the  susceptibility  of  Decalls  to 
this  contaminating  surface. 

Investigation  of  better  methods  of  determining  the  thickness  ot 
amount  of  deposit  fond  on  a  surface  by  a  heated  fuel  has  been  continued  and 
a  comparison  of  different  methods  is  given.  On  the  basis  of  such  a  comparison 
a  •bread-board*  model  of  c  0  ray  backseat  taring  device  was  assembled  and  the 
deposits  an  a  number  of  Alocr  JTTOT  tubes  were  compared  with  visual  ratings  cad 
acmbwstinm  dstazmizmd  valuse.  Generally,  good  agreement  was  obtained  between 
th*  combustion  and  *  ray  backseat,  ter  Lrg  results  but  in  son*  Instances  tbs 
visual  ratings  deviated  narkedly.  As  a  result,  a  prototype  nodal  of  a  0  ray 
baeksoattarlng  devioe  baa  beam  designed  and  authorization  for  construction 
obtained. 
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We  reported  pr-eric*;# iy  that  a  ahlpssrot  ot  Decailn  froa  is*  ft^l 
No'#  Ou/-it-i-cC)  h*J  T^ry  poor  thermal  *!•- 1 1 1  iy  which  could  be  la^-ewed  by 
•  aiiica  r»i  trea  toent.  T1**  tr-vo-black  adsorbate  >*»#  r**cv*d  frcm  the 
#111;-*  ,;t  1  Sy  aretcv*  el.t  ioa  *.*xl  was  separated  into  two  phase*  *  t  liquid 
and  *  crystalline  prase.  The  s»;*n>i  pease#  nad  little  »f f*ct  ext  thermal 
stability  when  added  bae*  to  the  purified  ><*iin  separately  but  w»ee  aided 
is  ecash  Isa  tico  they  do  -have  •  sarxediy  feieteriou*  effect.  Ho  reason  fee  till 
bebavlcc  ha#  beets  adduced  u  yet.  AJJlti-*<e  iol  aodif ic* lien#  to  jur  eqiip<» 
meat  for  determining  thermal  stability  are  described  la  this  report.  3w 
mil#  of  electron  nlcroeec-pe  examination  of  •  filler  fresa  •  tbntml  stability 
raa  with  SKniTUOt  at  625‘F  iA*re  extensive  plugging  of  *he  filler  oeewred 
•bom  v  »t  the  aeterial  on  e-.e  filter  ia  th#  *alr  rmewselea  chunS*  c-f  reain 
xdtich  vr-e  probably  eaarrfiat  plastic  at  hijji  terparatur*. 

The  physical  properties  calculation  was  expended  to  permit  aiaula- 
lien  cf  the  prupertlea  cf  the  aixtur-s  cf  the  two  Deeaiin  laatxrr*.  The 
calculi*.  Ion  Is  consistent  with  and  Lr.ccrpcr? tea  prerioij  sethed*  for  deter- 
xiaihg  the  properties  of  the  p.r*  iaoaers.  The  res.lt*  ere  given  la  the 
Appendix.  Tie  r»s  phase  properties  ver-  penersliy  estiemted  by  pseudo- 
critical  aethods  and  liquid  phase  properties  generally  deterrirerd  by  aol 
fraction  averaging  cf  the  pure  component  properties.  Actual  sethodi  u*ed 
•re  described  in  the  body  of  the  report. 

Although  the  two  dimensional  aethnodel  developed  for  representing 
the  dehydrogenation  of  MCH  ever  Pl/KlgCj  catalyst  1a  s  cylindrical  jacaed 
bed  reactor  haa  performed  excellently  well,  we  rare  had  difficulties 
extending  the  sane  type  cf  tr—a  inert  to  the  Decal  in  dehydrogenatloTi  system. 

This  is  thought  to  be  previously  due  to  the  far  large i  r-osoer  :f  reactiovm 
In ro  1  rod.  Our  attempts  to  do  this  and  a  discussion  of  tr.e  development  of 
a  simpler  but  probably  adequate  first  order  model  are  Included  in  the  report. 

Ceos iderat ions  Affecting  Applications 

Literature 

Crenleski  and  Blllig*^  hare  recently  reported  cm  the  er*  Ineerlag 
problem*  aaaociated  with  the  design  of  a  wate~  cooled  tubular  nickel  leading 
edge  for  a  hypersonic  inlet.  Although  water  waa  used  as  the  coolant  La  this 
case.  It  appear*  likely  that  their  result*  could  be  duplicated  by  use  cf  the 
fuel  a*  coolant.  Design  analysis  was  intended  to  apply  to  condition*  of 
ffcch  6.5,  total  tempera ture  5*00*F,  total  pressure  *50  pal.  It  appears  that 
the  fabrication  techniques  for  forming  the  leading  edge  and  the  method  of 
Introducing  cooling  oould  be  used  in  a  fuel  cooling  application.  The  — »<»* 
heat  flu*  studied  was  2  *  10*  Etu/hr/sq  ft.  It  1*  particularly  encouraging 
that  conventional  correlative  methods  yielded  Mtlsfactory  design  parameter*. 
Heat  transfer  values  were  calculated  by  aaan*  cf  the  Dectra  and  Hidalgo*! 
correlation  and  pressure  drop  with  the  Darcy  equation-*! 

An  interesting  study  appeared  recently  on  the  "Consideration*  of 
Turtine  Cooling  Systeau  for  fech  3  Flight"  by  Francis  S.  Stepka.4!  The  stUsF 
pre*ent*  a  method  for  determining  the  approat'-aate  average  aidspan  metal 
tanparaturea  and  cooling  flow  requirement*  of  suit  In*  air  fell*  cooled  by 

IT  See  fee  Terence*. 
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oampreaet^r  uU  bleed  sir.  TV  Indication  La  that  reduction  of  the  t#atp*ra- 
Uir*  of  the  e-vling  aLr  by  areas  of  .Vat  exchange  »*1U»  th*  fuel  la  th#  Vat 
sethad  fcr  reducing  air  foil  mUI  teagrratur*#  or  eoollag  flow  requirements. 
TV  author  con#  idem  the  use  of  jet  A  f»*l  and  liquid  methane.  Even  o*r*<rj 
examination  of  Uv#  curves  pieaentcd  in  th#  paper  indicates  'A»t  substantially 
*ohuv«l  benefits  could  V  obtained  tjr  -sing  reactiva  cooling  ouch  aa 
dehydragemticii  of  HUi  La  •  heat  ex  changer- reactor.  i*>  intend  to  use  the 
author's  method  to  make  a  cm*  appro*  is#  ta  comparisons  for  this  S7*t«a. 


A  motor  of  paper*  hm  appeared  recast!/  which  are  of  lata  root  is 
ectmectlon  with  the  or* rail  probirr  of  containment  of  Vat  in  aircraft  at 
hjrprraaaie  speeds .  fta*  La  'ey  T.  Aihara,*'  on  the  "Optim;*  &*Sy  Geometries 
of  Minim*  Heat  Transfer  at  Hrper«<rte  3r*rda*.  TM*  1*  •  theoretical 
anal/sia  of  a  slniaum  heat  tr*nafer  body  at  hyperaanic  speeds,  1.*.,  a  Uxry 
fcr  which  tv  total  laalnar  correct It*  Vat  transfer  rat*  la  sin  Uiaed.  TV 
author  derives  equations  by  which  tV  alnisum  Vat  transfer  can  V  calculated 
aa  a  function  of  flight  condition a.  Another  paper  1/  X.  Da -R Ira  and  A.  L. 
Urrutla*^  la  entitled  tV  "Ignition  Delay  la  Diffusive  Supersonic  Combustion". 
TMa  paper  deals  with  the  sbidy  of  the  aone  located  near  th#  injector  exit 
of  aa  idealised  supersonic  confcuatlcn  Earner  using  fcydrager  as  fuel.  A 
simplified  kinetic  scheme  Is  assuaed  and  tV  presence  of  radical#  Is  considered 
to  be  due  to  tV  dissociation  et  the  injector  outer  boundary  layer.  It  is 
shown  that  the  temperature  of  the  injector  cuter  wall  and  to  a  leaser  extent 
pressure.  Injector  length  and  the  conditions  outside  of  the  boundary  layer 
control  the  ignition  process.  Another  paper  la  ent!  .led  the  "Study  cf  Liquid 
Jet  Penetration  in  a  Hypersonic  Stress#  by  X.  Cat  ton,  D.  t.  Hill,  and 
ft.  P.  VcRa*. 7 1  The  authors  deeelop  a  tittle  expression  for  predicting  tV 
depth  of  injection  of  a  liquid  Jet  into  a  hypersonic  atreaa  for  arbitrary 
Injection  angle  and  dynastic  pressure  ratio.  TV  developed  equation  shows  an 
excellent  correlation  with  experimental  date.  Still  another  paper  La  the 
same  issue  Is  on  "Shock  Relaxation  in  s  Parti  cl# -Goa  Mixture  With  Maos  Transfer 
V  tween  Phases"  by  R.  Pan  ton  and  A.  ft.  '‘Dpextolm.*'  TV  authors  studied  the 
Structure  of  the  relaxation  acne  behind  the  shock  front  propagating  Into  a 
particle- gas  mixture  where  the  particles  art  liquid  drops  and  amss  transfer 
therefore  had  to  La  taken  Into  account.  Finally,  i.  Du  Anderson,  Jr. 
presented  a  note  on  "An  Equation  far  Stagnation  Point  Radiative  Heat 
transfer".*'  TV  author  develops  aa  equation  for  radiative  Vat  transfer  as 
•  function  of  the  radius  of  curvature  of  ihe  radiating  surface.  Good  agree¬ 
ment  was  found  between  experimental  data  and  the  equation,  for  example,  at  a 
velocity  of  50,000  ft/tee  and  200,000  ft  altitude*  Interestingly,  the  equa¬ 
tion  also  represents  fairly  wall  the  radiative  intensity  at  a  shock  tub#  cud 
wall  as  •  function  of  tins  after  shock  reflection. 

Heat  Sink  Requirement#  et  Vch  8*' 

Calculations  here  been  made  in  the  past  of  tV  relation  between 
aircraft  speed  and  engine  Vat  sink  requirement*  and  these  have  teen  reported 
previously.*4'  However,  a  very  wide  spread  of  values  has  resulted  due  to 
variations  In  operatic  conditions  and  basic  assumptions.  When  aa  opportunity 
arena  to  do  an  Independent  evaluation  of  this  problem  advantage  was  taken  of 
It*  TV  conditions  chosen  were  to  Involve  a  speed  of  Mach  6  with  supersonic 

ij  This  analysis  was  4co»  tad  'the  report  prepared  by  BrT  XT  JL  thrown  as  part" 
of  a  training  asslgueoot. 
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combustion  and  *s*u»ed  •  typical  hypersonic  «^lne.  Thus,  this  analysis  • 
tDrj  a  routfi  catizete  of  this  to'**.  load  for  such  to  engine.  Hethod*  and 
data  available  hete  xnd  the  llUrt tu re  were  use d.ta/l5)*4'l')','lT)**)  A 
k  30,000  lb  aircraft  is  assusw'd  to  be  flying  at  Hich  8  and  100,000  ft  altitude 
using  a  single  sr.perconic  eornb.stijn  nut»>t  engine.  flgtre  ?  i t  s  Wgltudi- 
nal  section  of  the  engine.  Tie  ermine  oxv lata  of  three  parte;  (1)  the 
diffuser  where  the  Incoai^:  air  increases  it*  static  temperature  and  pressure; 
(2)  the  ccnbustor  where  fuel  is  addtd,  burned  and  the  taeperature  and  pressure 
further  increases  and  (j)  the  nettle  where  the  gasec  are  expanded.  Ideally, 
(1)  to  (3)  is  an  Ism  tropic  compression,  (3)  to  (3)  Bayleigh  line  process 
(best  addition  in  a  constant  area  duet  with  no  friction)  and,  (3)  to  (6)  as 
i  sec  tropic  expansion  assignment.  In  Inis  analysis  this  ideal  cycle  it 
Modified  by  calculating  a  total  pressure  drop  fra*  (1)  to  (3)  tain*  an 
expression  by  D.gger  for  a  3  shock  Inlet.  Otherwise,  the  analysis  follows 
this  ideal  cycle. 

Heat  transfer  requireecnts  for  the  diffuser  are  assumed  to  be 
negligible  as  the  engine  surface  will  be  exposed  to  space  and  therefore  free 
to  radiate  heat  away*  In  the  coobustian  region  heat  transfer  Is  calculated 
using  turbulent  flow  theory  In  an  anxxilH  with  corrections  for  nigh  speed 
flow.  *c  attempt  has  been  aede  to  account  for  radiative  heat  transfer  frco 
the  flame.  Heat  transfer  in  the  nostle  is  based  co  a  turbulent  flat  plate 
relation,  the  leading  edge  at  the  noxtle  inlet.  Again  no  flsae  radiation 
hs«  been  figured.  In  addition,  no  attempt  has  been  aade  to  account  for  the 
effects  of  shoe  Us.  Teape  retinas  at  the  combustor  exit  are  in  the  range  where 
air  begins  to  dissociate  and  therefore  the  physical  properties  have  been 
extrapolated  into  •  region  where  they  are  not  valid.  In  all  cases  a  wall 
tesperature  of  2000*11  has  been  assumed.  Although  this  is  rather  low  and 
could  perhaps  be  legitisately  extended  to  2k60*R  it  will  result  in 
conservative  answers. 

The  remit*  are  sumnarited  in  Tables  1  and  2.  Thw  detsiled 
calculations  arc  given  In  the  Appendix. 

It  will  be  noted  that  the  cooling  required  ocmes  to  1867  fitu/hr 
per  pound  of  fuel.  Efer  coincidence  this  is  just  about  the  amount  of  heat 
sink  that  would  be  provided  by  MCH  being  reacted  completely  to  toluene  and 
hydrogen  and  heated  to  1J00*F.  While  this  is  not  claimed  to  be  a  particularly 
sophisticated  arslys Is  the  magnitude  of  the  beat  sink  required  indicates  the 
sort  of  bounds  that  can  be  expected  to  prevail. 
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Liberators  Stymies 

Laboratory  studies  of  candidate  endothermic  fuels  and  their  catalyst 
systesw  were  continued.  The  there*!  reaction  of  n-dodecerm  using  additives; 
of  sathylcyclchexmn*  ind  Decaiin  st  elevated  pressure*:  and  of  roe  tart  fj»l 
R>*  ( te trahydroc 7? lcf» n tad  1  e  ne  dimer)  were  studied.  Using  •  J»il*e  reactor 
system,  the  dehydrogenation  of  ae thy  1 070 lob* ura  with  diajerved  catalysts  sal 
over  various  supported  catalysts  was  investigated;  *nd  the  reactivities  of 
Decalin,  diaethanodecalin,  tad  bicyclohepUns  were  determined.  A  few  cata¬ 
lysts  were  evaluated  for  tbs  dehydrogenatioo  of  metfiylcyclcbexaa#  is  VM 
beoch-eceie  re sc tor. 


Catalyst  stability  for  r^y-lr.-£g3atl^l_gf_Mabtb4QBy 

Previous  studies  with  platim*  on  eliadna  catalysts  showed  that  for 
the  dehydrogenation  of  Decalin  (DHN),  catalyst  stability  va#  affected  b7  the 
pore  structure  of  the  catalyst  support;  and  that  greater  stabilities  *»re 
obtained  with  supports  of  small  pore  diameters.  This  work  new  has  been 
extended  and  stability  in  relation  tt  pc re  slae  has  been  studied  for  the 
dehydrogenation  of  aethylcyclohexane  (MTH).  further,  the  influence  cf 
chemical  c  deposition  of  the  support  and  the  catalyst  aetal  composition  ca 
stability  hats  been  examined  for  dehydrogenation  of  both  MCH  and  LEX. 


the  tests  were  done  in  cur  bench* scale  laboratory  reactor  system 
which  was  a  tubular  flow  reactor  equipped  with  cotmntionel  devices  for 
measuring  feed  flow  rates  and  for  collecting  liquid  and  zas  products.  The 
reactor  was  a  stainless  steel  tube  (Ho.  >1?,  1/2- in.  IPS)  52-in.  long,  5/^*i*- 


IT,  end  was  heated  by  an  electric  furnace.  The  catalyst  was  contained  in  the 
annular  specs  between  the  thermowell  and  the  reactor  wll.  In  order  to  rupply 
heat  rapidly  to  the  catalyst  bed,  the  annular  distance  between  the  thermowell 
and  the  reactor  wall  was  aade  about  l/l6  in.  4xich  was  about  one  pellet 
disaster.  The  catalyst  bed  was  about  1/2-in.  loo*  and  had  a  soloae  of  7  *1. 
Prior  to  carrying  out  the  experiments,  the  catalysts  were  reduced  in  situ  with 
hydrogen  for  30  sdnutes  at  572  *F  (300  C)  and  then  for  one  hour-  at  the  reaction 
temperature.  Tbs  coexists  apparatus  was  describad  in  detail  in  a  previous 
report.11' 


The  reactor  wall  temperature  was  measured  by  a  thermocouple  pmsaed 
against  the  outside  reactor  wall  by  the  furnace  block  and  located  about  1  in. 
below  the  top  of  the  catalyst  bed.  The  catalyst  bed  temperatures  were 
measured  by  thermocouples  contained  in  the  thermowell.  The  thermocouples  were 
1  In.  apart  and  the  top  thermocouple  was  about  1/2  In.  below  the  top  of  tbs 
catalyst  bed.  The  "effective"  catalyst  teapsraturs  was  senwbers  between  tbs 
reactor  wall  tea^sratura  and  the  catalyst  bed  temperature. 

During  reaction  the  catalyst  bed  t—peraturs  (thermocouple  measure* 
meats )  was  considerably  l^wer  than  the  fUraacs  block  temperature  do  to  the 
endothermic  heat  of  reaction.  As  the  catalyst  deactivated  the  catalyst  bed, 
temperature  increased  and  the  magnitude  of  the  temperature  increase  was  taken 
as  a  measure  of  catalyst  deactivation.  Another  quatitatiw  indication  j f 
catalyst  deactivation  was  tbs  movement  of  tbs  "cold  spot"  down  the  catalyst 
bed. 
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Product  analyses  ware  done  by  <3£  from  which  conversions  and  . 
select! vitiee  were  calculated. 
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Li  preri  -uk  vrrk  cn  the  dehydrogenation  if  De-celia  (i£?t  ^  it  we* 

obasrwl  tb*i  caUlyrt  devctlTAtion  occurred  i6ta  the  pM^Vioo  >oi  carried 
cvt  *t  10  ata  pr*«5~.ne  und  acdsrvts  ccsrvenico.  ?-.b«*-7a»rtly  it  wt»  ibowe 
th*t  the  dea^tivAti-©  ntt  varied  directly  with  e»ulyT*.  per*  tie*. 

A  tlKllAr  raUlrrt  i-vrtitwticc  vu  obaermd  with  tCS  »t  1  the  prev-vsr*  \but 
act  *t  10  Ate),  )  to!  it  we  of  interest  to  rtsdy  the  effect  of  pore  alee  ca 
catalyst  stability  with  this  feed. 

Tb*  tart*  were  few  at  1  ate  pmw  sod  a  Slock  UaptntaA  of 
8^2*7.  lech  catalyst  mi  tested  la  a  eeriec  of  30  slnet#  ns*  at  LoST’a  of 
5,  15*  ?0,  30,  80  tad  100  or  until  the  catalyst  bee aas  inactive.  tba  increase 
la  catalyst  bed  tester*  ture  {«3T  aa)  during  the  na  mi  taken  aa  a  averse  of 
catalyst  deactivation.  Set"®  >1  of  catalyst  wn  need  for  each  teat. 


The  catalyrt*  used  In  tbia  rtotj  mt»  the 
dehydrogenation  of  lecalin.1*)  The**  kata: 


aa  ware  f*v  tba 


1<  Pt  oa  Kaiafca**  Alwtea  (Staakajd  laboratory  Catalyst) 

Shall  108  (14  Pt  on  Alwtea  A;  10260106) 

3m11  A3  (10280-15,  54  ?t  on  non-alustea  support) 

At  refer*  WF-k  (0.84  Pt;  Aarrlcaa  Cyan— Id) 

RO150  (0.654  Pt,  Sine lair- Baker) 

UCP»H3  (0.764  Pt,  Ifaivereal  Oil  Products) 

Tba  pertinent  physical  properti##  of  tbasa  catalyst*  are  shown  to  ran  i- 

At  low  space  velocity  (I2*SV  •  5),  high  conversions  ware  obtained 
and  all  of  tba  catalysts  wart  stable.  With  Increased  space  velocity  censer- 
slon  declined  and  stability  varied  (Pleura  5).  For  exaaple,  et  LKST  of  30, 
all  catalyrta  were  active,  bet  at  LKaY  of  100  only  Shell  A5  and  Shell  106  were 
•ctlte.  The  complete  teat  date  for  tee  tlx  catalyete  are  tabulated  In 
Tables  119  to  12A.  Appendix. 

Preruaably  hydrogen  generated  during  tee  ra  acta  to  reaove  cote 
jracurecns  froe  tba  catalyst  aurfhee.  At  high  conversion  tbe  partial  praaeura 
of  hydrogen  la  hlgi  and  the  catalyst  la  ruble.  Aa  conversion  declines,  tea 
partial  prrssura  of  hydrogen  is  lower,  hence  tbe  rate  of  poises  reecvel  la 
IcMer  and  tba  catalyst  deactivates.  As  reaction  occurs  In  tba  catalyst  perse, 
tea  oonvtrsioo  per  wit  port  Kite  and  hanca  tba  hydrogen  partial  pleasure  In 
tee  pore  will  ha  greater  1a  tea  nailer  disaster  pore*  (for  a  given  set  of 
conditions)  as  tba  surface  to  wltet  ratio  la  greater  to  —liar  pores,  teas, 
•atelysta  with  —Her  pores  should  be  acre  rtehla. 

Catalyst  deactivation  US  aax)  aa  a  ftectlon  of  average  per*  disaster 
for  tea  flue  plating  on  alteina  catalysts  la  show  la  Figure  Aa  (LKSV  ■  30). 
Tba  pertinent  date  are  su— rlsed  In  Table  A.  Indeed,  tba  catalyst*  site  lbs 
—liar  par*  disaster  wre  aor*  rtehla.  Stellar  results  were  obtained  with 
Secalte  at  ID  eta  pressure  (ZHSY  »  130,  1022*7)**)  and  these  date  are  also 
dbcw  la  Flrura  A.  tea  fact  teat  tea  catalysts  were  sore  atahla  with  tea  teaa 
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T»bi«  i.  athTJPruuTTcw  of  tea  ox*  taaiccb  cgi&g» 

iowu?  Tabl* 

Faad;  fu?«  MCS  Raacticn  Tii»:  30  Xloutaa 

Catalyst  Vclvaw;  T  ml 
htuturt  1  ata 

IKS »:  JO 


Catalyst 

Com., 

eS*f 

r - - 

Total 

Per* 

Tolu», 

««/* 

sax.  *7, 
Catalyst  Bad 
at  8W*F 
Block  Trap. 

Ararat*  Por* 
Disaster,  A 

Per*  Toliust  .  | 
Disaster  Factor  i 
ec-A/* 

Stsefiart  Catalyst 

37.* 

0.266 

50 

106 

28 

Slivslair-Bakar 
10-150;  0.65*  ‘ 

72.5 

0.40B 

14 

35 

14 

Shall  lo8 

69.6 

0.251 

4 

40 

U 

Shall  45 

a d.t 

0.357 

0 

0 

31 

Jaaricac  Cyaoaaid* 
Aarofcrm  fW-4; 
0.8*  Pt 

58.4 

0.6c 7 

135 

111 

«7 

OOT-P8;  0.T6*  Pt 

I3.J 

0.719 

162 

17? 

126 

ll  Standard  liWttarr  enilYii. 
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with  !>ovlin  surge*!*  tint  the  vote  precursor*  or  poisons  fumed  d*-g-iatf 
dehy rdrogetwti  ui  -f  a  anocye  lie  wphiVne  are  a  different  specie*  and  «.* 

*wr*  readily  renos'd  by  hydr"g»n  than  V>.«*  frued  'during  debybr.'S'ene  ti  jn  of 
a  dloycllc  naphthene .  (lh*ll  A  5  nut  included  u  tb*  'tma&zxl  c  capos t Pi. or. 
of  thi*  catalyst  vus  quite  different  fi-.n  that  cf  th*  uti-?r  fliw  catalysis.) 

Will*  tb#  l*«t  Stable  CVtalyri  had  the  1 xrgest  iwngi  port 
disaster  and  the  suet  stable  catalysrt  .tad  the  saallast  pore  diaaeter,  these 
1*  aa  ancaaly  in  the  region  of  about  1CC&  pen  diaatber.  Thus  the  FKT-A  and 
the  standard  laboratory  catalyst  have  about  the  seat  aerr*g#  pure  diasMtrr, 
but  the  catalyst  bed  temperature  increase  vith  the  forarr  mi  about  twice  that 
observed  vith  the  latter  catalyst.  A s  the  pure  distribution*  for  thee*  tws 
catalysts  were  about  the  sane,  it  ap-p»\rc  that  pure  slat  1 a  not  the  only 
factor  in  controlling  catalyst  stability. 

Visual  eracinaticn  of  PJF-«  showed  that  the  platlnua  nt  concerr 
trated  on  the  periphery  of  the  catalyst  peli*te  (l/16-in.  extradite).  Una* 
thi*  catalyst  was  different  fn*  the  other  catalyst*  in  that:  a)  the  effec¬ 
tive  pore  length  ves  less  a*  the  porvs  were  only  partially  covered  by 
plat!  .run;  and  b)  the  platinua  vac  concentrated  closer  to  the  pure  aouth. 
Conceivably  for  a  given  ccnwrsicn  this  could  reeult  in  lower  hydrogen 
pressure  In  the  catalyst  per**  as  hydrogen  would  tend  to  diffuee  out  of  the 
pore  wort  readily  in  the  region  closer  to  the  pur#  south. 

Table  5  shows  hydrogen  partial  pressures  at  the  pore  eoutto  and  per* 
centerline  for  various  pore  dianeters  and  reactor  coctersiofw.  Thee*  values 
were  calculated3/  for  1/lG-ln.  diaaeter  pellets  at  3a2*F,  1  at*  pressure  using 
the  pore  ncxlel  of  ViVeler,23/  (i.t.,  open  ended,  strai^t  cylindrical  pores). 
While  th:s  nodal  is  nut  necessarily  representative  of  the  pores  in  our  cata¬ 
lyst  pellet*,  nevertheless  the  calculation*  Bsrv*  to  illustrate  that  ther* 
can  be  considerable  difference  in  pressure  at  the  centerline  and  at  the  pare 
■outh.  Thus  the  ob««rv*d  different'*  in  stability  between  catalyst*  WT-i  tad 
our  laboratory  catalyst  any  well  b*  a  diffusion  effect. 


An  interesting  correlation  was  obtained  then  the  incre***  in  ceta-  ) 

lyst  bed  taeperature  was  ploVed  as  a  function  of  the  product  of  per*  voloas 
ti»s  pore  diaaeter  (’pore  volvvae- diaaeter*  factor,  Tabla  <*.  Figure  A  shows 
such  a  plot  and  no  anenaly  exirn  for  the  two  catalysts.  Th*  physical 
aigaificaac#  of  this  correlation  iz  being  considered. 

In  suncary  then,  our  <«rX  shows  that  for  the  dafcydrogeimvtc*’.  of  | 

naphthenes  without  added  hydrogen  catalyst  stability  varies  inversely  a*  the  j  ) 

Tform  sloe  and  that  goed  stability  ic  fevered  by  nealler  port  dlaa*ter._  | 

further,  it  implies  that  longer  pores  will  ispross  stability  but  that  month  | 

nocpcrcua  catalysts  will  be  hl£Uy  unstable.  » 

gfftot  of  Catalyst  Support  and  Catalyst  Cosgscltlop  | 

la  the  previous  section15^  it  was  shown  that  catalyst  per*  slat  was  |  . 

aa  Important  factor  ia  daterainiig  ths  stability  of  a  catalyst.  However,  5 

other  factor*  can  also  affect  stability  an)  this  awctica  psesent*  a  * 

aj  The  calculations  were  aada  by  Dr.  J.  £.  Bailey,  Cbeaical  Yt&xmaix*  Dept.  1 

b)  Set  peg*  16.  i 


«  • 


•••••• 


•4 


1 


HI 


f—4:  fan  ' 

Twqjrr«'t«p* :  8^6*T 

tnn nan:  1  ita 


MAPI  -TH-47-IM 
P~i  m 


preli. xlmry  study  of  Un?  effect  of  eeUiyvt  rvpycrt  etmposJtkn,  end  c*UIy<rt 
B»t*u  cm^eiticn  .«  o*»v  UH7.  Two  r.*;v-rt»  e'iher  «*»  aloelns  wr r*  tested ; 
%11  of  U*»  •-eU.lyvta  >". -chaired  piatiram  aetal  only  *se«r?t  far  a* ,  *h.i"h  k*d 
•  *aet<vl  I  '.lnVr*  . 


7v>  conwrclal  and  four  L»bcr^ V.-ry  e-:Uiy*ts  (prepared  uw>r  cr¬ 
eate! ys-t  dmlopsaent  prograe)  were  tested.  These  wrt: 

Stoutly  SCO- SR  (0.5i  ?t  on  almdna) 

CCP-ft-lfiFfrt  plat  a  **stal  activator*  on  al mim) 

Shell  1C20O-4*  (cvr  standard  1*  Pt  on  aladns) 

£2*11  10360 11**  3  (Ft  on  support  No.  6) 

Shell  IO66OHAC  (Pt  co  support  No.  6) 

0*11  10060 113A  (Pt  00  rapport  No.  5) 

»-l6Z  v*e  3  Vtrivereal  Oil  Prxhxt*  hi#  stability  Platforming  catalyst,  eon- 
te iri.r^  a  “npt.il  activator*  but  whoce  cjcpoeition  vae  ncct  determined ,  *■*  per 
cur  agreement  with  UCP.  A a  ft-162  represents  an  laprowaent  cwr  X?-SB 
Flat  forcing  catalyst,  our  test  data  for  ft-3  obtained  wlier  1*  Included  la 
this  work  for  ccaqpariscn.  No  H«  vu  added  to  the  feed  during  theee  teste. 

Decal  In 


With  Dtealln  the  catalysts  were  tested  at  10  atm  pressure  and  IfEV 
of  100.  Each  catalyst  van  tested  initially  at  212  *F  and  them  at  ra cceseively 
higgler  tenperatur*  (in  ^0*F  increaents)  thron^i  ISCC’F,  or  until  the  cataljret 
became  inactive.  The  teat  period  was  50  ainutea  at  each  temperature.  Ha# 
feed  (F-113  EKN)  had  the  following  composition: 

25.0$  trams- CKN 
7*.  6*  clc-CKS 
0 M  tetralin  (THN) 

The  data  are  presented  in  Tables  6  tad  ?.  C 

Activities  and  stabilities  varied  greatly  betwen  catalyst*.  Of 
thoae  evaluated  In  this  series  of  tests,  U^C  was  the  noet  active  and  the 
neat  stable,  while  U5A  was  the  least  active  and  the  least  stable.  At  the 
lowest  test  temperature  (3*2  *F)  catalyst  bed  tsegerature  (dff  sax)  Inrreaeee 
varied  Cxm  5'F  (ll*C)  to  38*F  (115A)  (Figure  5).  With  increased  t^erature 
113A  and  2CO-SR  were  almost  completely  deactivated  at  1022'F  (AT  sax  -  235 'F 
and  1T8*F,  respectively),  while  at  1112 rF  bed  tc^eratwe  inrreaeee  of  trmr 
100*T  were  observed  for  ll^B  and  R-16E,  signifying  considerable  deectiwtic* 
at  this  temperature.  U*C  sfccosrd  little  or  no  deactivation  at  1C22'F  mid 
lower  and  bed  temperature  Increases  of  only  16*F  and  67*F  were  obeerwd  at 
1112 *F  and  1202 'F,  respectively  (Figure  5).  Based  on  the  Increase  In  catalyst 
bed  tmeperature  at  1022*F  UZ  mx)  relative  catalyst  stabilities  verre: 

n*c  >  ft- 162  >  h*b  >  **  ■»  a-3>  zod-sb.  »  uja. 
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Conversion  lncrear-ed  with  increased  tespereture  but  declined  vh*n 
the  ontaiy-t  became  JMctiwwd  (Firur"  6).  At  the  lowest  test  temperature 
tf-.ere  deactivation  vas  the  least,  relative  activities  based  on  30»  ccnvereiooe 
wire:  11 -C  >  R*3  •  «  JobTR  »  ll-*?  >  S-16£  >  113A. 

Product  material  vus  principally  tetralin  (711)0  end  naphthalene  (k). 
At  the  highest  test  temperature  (12CZ‘F)  »oas  cracking  occurred,  pcesibls  due 
to  thermal  reaction  (Tables  6  and  ?).  At  the  lower  Vert  temfmretures  eoeae 
cis  to  trane-LHJi  iscaerirsticn  vas  cbcerwd. 


The  MCH-catalyst  system  via  considerably  acre  etable  than  the 
decalin  (DtiN)  system.  Thus  with  our  standard  It  ?t  on  Al^G*  catalyst,  rood 
stability  was  observed  with  MCH  at  ID  atm  pressure  |  but  not  at  1  atm“)*  . 
*hlle  vith  EKN  good  stability  vas  observed  at  50  atm*8'  but  not  at  10  at an*  ' 
pressure.  Consequently  in  these  studies  vith  HCH,  stability  tests  v«re  done 
at  1  atm  pressure.  Each  catalyst  vas  tested  at  a  tingle  temperature,  8*2'T, 
in  a  series  of  successive  runs  vith  ii^reacing  space  velocities  fro*  5  to  100 
UiSV.  The  test  was  terminated  if  the  catalyst  became  inactive  before  reaching 
LHSY  of  100.  The  complete  data  are  presented  in  Tables  125  to  12?  in  the 
Appendix  and  are  eucirarized  in  Figure  T. 

At  low  space  velocity  (ih.SV  •  5)  high  conversions  sere  obtained  and 
all  of  the  catalysts  were  stable  (i.e.  little  or  no  temperature  change  during 
the  run).  With  Increased  space  velocity  conversion  declined  and  catalyst 
stability  varied  (Figure  6).  For  example,  at  IhSV  of  30  three  of  the  seven 
catalysts  were  inactive  at  the  end  of  the  run,  vhile  at  IlvSV  of  ICC  only  one 
catalyst,  ll^C,  had  not  deactivated.  These  conclusions  vere  based  on  the 
increase  in  catalyst  bed  temperatures  and  the  no ve cent  or*  the  "cold  spot" 
down  the  catalyst  bed  (Tables  12b  to  129).  Indeed  vith  this  latter  catalyst 
there  was  only  a  6*F  increase  in  bed  temperature  during  the  run  at  IKoV  of 
100.  Based  an  the  bed  tenperatura  increases  at  IhSY  of  JO  the  relative 
catalyst  stabilities  were:  11>*C  >  R-16S  >U7  11<*B  »  ft-8  -  U3A  »  200SR. 

As  vas  observed  -vith  CHH  catalyst  llbC  vu  the  aost  active  and  the  most  stable 
catalyst. 

Product  material  vas  primarily  toluene  at  90  selectivity.  At 
the  lowest  space  velocity  (i.e.  longest  contact  time)  sene  benzene  vas  found 
vith  some  of  the  catalyst.  Presumably  this  vas  due  to  a  hydro- dealiylatl on 
•ids  reaction. 


From  the  results  obtained  in  the  present  series  of  tests,  it  vas 
evident  that  both  catalyst  support  and  catalyst  composition  can  effect 
stability.  Thus,  U^B  and  HJA  contained  the  srne  amount  of  platlmai  bu„ 
different  supports  and  yet  the  former  vas  much  more  stable  than  the  latter. 
Further,  R-lbE  catalyst  vas  about  like  R-8  axcept  that  the  former  contained 
a  "metal  activator".  CUr  tests  shoved  that  the  Pt- alley  catalyst  (R-16E) 
was  much  more  stable  than  its  counterpart  R-8. 

Tha  most  stable  (and  also  the  most  active)  catalysts  tested  thus  far 
vara  3lAc  and  Shell  ^6.  Both  catalysts  gave  about  the  same  conversion  and 
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bed  tscrpereVun*  lncr **s*c  vhea  tested  with  CKX . 1  * ^  ttjvever,  the  bulk 
density  of  UAC  Mi  about  vc*  of  that  of  3*11  hence  the  fomer  »p;*«r* 
to  be  a  superior  catalyst  oc  the  basis  of  coirwreic®  per  unit  w*L£;t  of 
plstinuB. 

w*  tn  continuing  our  study  of  factor*  effecting  catalyst 
etability  and  v^ll  include  testing  other  supports ,  other  platings*- alloy 
combinations,  anl  esthods  of  improving  metal  dispersion  (i.e.  aetal  surf* ce 
area)  am  various  support* . 


There  is  considerable  interest  as  to  the  aaxiucua  amount  of  beat 
•ink  that  can  be  obtained  vith  a  paraffinic  type  jet  fuel  (SP~7).  The 
latent  and  sensible  heat  obtainable  from  this  material  is  about  1CCO  BtuAb 
then  heated  to  lUOO'F.  An  additional  >00  Btu/lb  could  be  obtained  by  thervr 
ally  cracking  the  fuel  to  about  >0i  conversion.  However,  under  conventional 
cracking  reaction  conditions,  soaa  coke  is  produced,  tdiich  is  undesirable. 

Also  the  rate,  at  noderate  temperatures,  is  too  lov.  Ve  are  investigating 
the  possibility  of  erhancing  the  rate  of  thernal  reaction  with  concurrent 
reduction  In  coke  sad#,  using  free  radical  initiating  fuel  additives. 

These  experiments  were  done  In  both  the  pulse  reactor  and  the 
small  bench-seal#  How  reactor  (l/1*"  O.D.  reactor  tube).  Both  apparatli 
are  described  in  detail  in  the  Appendix.  Tests  were  done  at  10  ats  pressure, 
over  the  temperature  region  of  1C22’  to  1202 °r  using  n-dodecane  as  the  test 
fluid.  In  these  experiments  the  reactor  tube  was  filled  vith  quart*  chip* 
(10-20  aesh}  and  IHSV's  were  calculated  based  on  the  bulk  volute  of  the 
quarts  (i.e.  volune  of  the  empty  tube)  and  the  apparent  contact  time  (ACT) 
was  calculated  based  on  the  void  volune  In  the  tube  (i.e.  one-half  the  volim* 
of  the  empty  tube).  This  is  close  to  the  actual  contact  time  and  Is  different 
firoa  our  calculation  of  ACT  for  catalytic  beds,  thich  ignores  catalyst  values. 

Thirty-three  different  additives  weTe  screened  In  jwlse  reactor 
tests  end  then  a  solution  of  one  of  the  more  promising  additives  in  n-dodacane 
was  tested  under  both  continuous  flow  and  pulse  reactor  conditions. 

In  the  yulse  reactor  teste,  3 i  at  lees  additive  (orgnncae tallies  or 
ORganlc  compounds)  in  nrdodecane  were  tested  et  1022T  and  1U2’F.  Seme 
success  was  achieved  and  dodecane  conversions  ware  increased  six- fold  at 
10E2*F  (from  3.5  to  18.5*)  and  twcrfold  at  1112 T  (item  20*  to  Al*)  by  wens 
of  additives  (Table  8).  A  few  of  the  additives  acted  as  inhibitors  sod 
declines  in  conversion  were  observed  In  some  cases  (cf  Hoe.  19>-2,  3,  20,  22 
Tmhla  fl).  Generally,  some  functional  groups  were  acre  effective  than  other*, 
end  there  substitution  in  a  functional  group  occurred,  the  type  of  substi¬ 
tuted  group  appeared  to  influence  the  overall  effectiveness  cf  the  functional 
group. 

The  reaction  products  were  lighter  then  xrdodeceae  end  preruaahly 
were  exacted  eaterial  (Table  9).  From  GX£  emergence  times  the  prtoclpsl 
component  appeared  to  be  t  C,  hydrocarbon  (peak  No.  1,  Table  g)  and  was  not 
identified  further.  In  calculating  conversion  it  was  assumed  that  each 
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■olacul#  of  dodecaa*  reacted  gave  on*  Molecule  of  prcsSuct,  h*ac*  the  tc«w 
fioa*  are  aaxlwu*  values.  Product  distributions  did  act  appear  to  fe*  affected 
fey  additives  and  analyses  fur  wiml  pun*  vith  different  additive*  are 
presented  in  IV.la  1.  No  «*tla*t*  of  cote  sate  could  b*  Md»  frsa  the  pul** 
reactor  data. 

Tb*  effectiveness  of  additive  200-2  vu  te*ted  further  under 
continuc-cs  f*I:v  conditi  ,;n*  in  our  snail  bench- scale  rvac tor.  This  apparatus 
had  a  l/»-in.  X  reactor  tub*  snd  1*  described  in  detail  in  tb*  Appendix . 

Tb#  test*  were  den*  *t  10  ata  pressure  uning  *mt*  n-dod*can*  and  24  of  2002 
In  trdod«c*n*  u  test  fluids.  TVs  series  of  fxpertwnt*  were  dcoe,  on*  eerie* 
*t  1C22  and  1112 *F  and  at  LHSV  of  12  to  ltj;  and  a  second  eerie*  at  1322*?; 
1112  and  12C2*F  and  at  LHTV  of  59  to  1^6.  lb*  cospltt*  data  are  above  la 
Tibi*  10  and  are  rumari  i*d  in  figure  l. 

In  this  reactor  syrtea,  at  a  ?i«a  reaction  tessperature,  tb*  effect 
of  additiw  on  conversion  v-ls  less  vi th  increased  space  velocity.  As  an 
erasple  at  1112’ F  tbe  enhanced  conversion  due  to  additive  was  25.54  at  Lr iSt 
of  12,  but  vaa  only  164  at  UiSV  of  150  to  1*0  (cf  run*  *0-2  and  *2;  and  Ehrva 
59  and  **5-1,  Table  10 ).  Tbia  suggests  that  free  radical  initiation  fcy  the 
additive  we*  alcver  than  radical  initiation  by  purely  tbercol  wans.  Further, 
tbe  effect  of  additive  on  conversion  (i.e.,  rate)  va*  leas  *jt  the  temperature 
increased;  and  at  1202 ’F  there  vaa  only  a  slight  increase  in  conversion  due  to 
tb*  presence  cf  the  additive  (It lie  10;  figure  $)♦ 

Product  distribution*  vere  siadlar  with  both  feedstock*.  Liquid 
product  analyse*  (Gil)  are  thovn  in  Table  10:  gaa  phase  analyse*  (stu  spec.) 
sn  chovn  in  Table  11.  Liquid  phase  product  soerpownt*  have  not  been  identi¬ 
fied  as  yet.  Ga*  phase  products  vere  a  snail  aaouert  of  hydrogen  and  Cj  to  C5 
hydrocarbons,  vith  ncr*  olefin  than  tb*  corresponding  saturate  and  ethylene 
being  tb*  najor  cocpoaent  (Table  ■U>. 

Qualitatively  tb*  coke  sake  appeared  about  tb*  saa*  vith  both 
feedstocks,  although  tb*  cok*  appearance  was  different.  Thu*  vith  pur* 
dodecan*  tb*  cok*  was  dull  black,  vfcll*  vith  tb*  additiv*  present  tb*  coke 
vaa  shiney  black,  lb*  coks  fbrwd  a  this  layer  cn  tb*  quarts  chip*. 

In  order  to  have  cocparabl*  data  fro*  tb*  puls*  reactor,  a  few  test* 
vere  run  in  this  systea  vith  both  feedstocks  at  1022  and  1112 *F.  Tb*  data  are 
■hows  in  Table  12  and  in  Figure  8  by  the  solid  points.  Based  cn  dodecan* 
conversions  the  rat*  of  cracking  vaa  enhanced  by  factor*  of  1.8  at  1C22*F  and 
1 A  at  1112 *F  by  the  additive.  Ibis  was  only  sll£itly  greater  than  the  rat* 
erhacceaant  observed  in  th*  flow  syrtea  (cf  Run*  1*5-1  ard  59;  and  Ryes  Vl  and 
38 -l;  Hils-12  and  also  figure  8).  and  wi  considerably  less  than  tb*  sixfold 
uhsncewnt  of  rat*  observed  in  th*  Initial  exploratory  work  in  th*  puls* 
reactor  (Table  11 ).  As  th*  additive  used  is  tbe  exploratory  work  cans  from 
a  different  source  than  that  used  is  the  ?4  solution,  this  suggests  that 
purity  of  additives  say  be  as  important  factor  is  their  effectiveness. 

Th*  results  obtained  thus  far  shoved  that  Indeed  it  vac  possible  to 
•chance  the  rat*  of  cracking  by  th*  un  of  additives.  Thus  far  it  has  beer 
shown  that  rat*  increasas  du*  to  additives  vere  appreciable  at  1000'F  (}.*., 
sixfold  in  th*  puls*  reactor  tarts),  but  were  only  20%  or  less  at  1202*5.  It 
is  vail  accepted  that  thsraa'’  cracking  reactions  proceed  via  *  free-radical 
Mchanisa.  Thus  th*  observed  differences  in  rates  at  tbs  two  temperature  a 
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my  be  due  tc  <5i  ffer-nL-as  in  s.-tlvatior.  energies  ft  free  radical  pr>dueti;-n; 
~r  it  my  be  Vat  V-e  free  radical  d*c<.i«j«  el ti  :n  pr>  ducts  »t  tii*  ki£var 
temperature  c.’Rtam  ies#  fr*e  rod i c als  than  tie  pr  ta  at  the  lover 
taa^enture.  Experiments  ere  being  continued  with  ether  types  of  free 
radical  Initiator;. 
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In  conjunction  vith  the  possible  utilisation  of  endothersic  fu*Le 
to  alasHe  application,  it  »u  of  interest  to  extend  cur  th^roal  reaction 
studies  to  pressur at  hi#iar  than  10  ets.  Accordingly  tta  thermal  reaction  of 
ntthylcyclohexane  (MTH )  and  Da  cal  in  (Efts)  vara  studied  cw  tha  pressure 
range  of  10  to  66  ata  (1000  peig)  at  1C22  to  12<E*F. 

The  raactcr  vis  a  stainless  etaal  tuba  (No.  yJ*)  50  inchaa  long, 
1/V-in.  CD  vith  0.055-in.  vnll  thickness.  Reaction  ’.■as  cart  in  tha 

low  part  of  tha  tuba  and  tha  top  part  serve d  as  a  feed  prehatev,  The 
raactcr  via  furnace- hectad  and  a  15- in.  long  secondary  furnace  liner 
aumouoled  tha  raactor  tuba  at  tha  reaction  sona.  figure  9  shove  tha  second¬ 
ary  furnace  liner  and  ite  position  in  tha  furnaca.  This  re  .  "tor  syrten  van 
da sc ri bad  in  detail  in  tha  Appendix. 

Tha  raactor  vail  temperature  vaa  aeaaured  at  seven  pointa  along  tha 
tube.  Tha  points  vara  1-1/2  inches  apart  and  tha  top  point  vaa  one  inch 
below  the  top  of  the  secondary  liner  (Figure  9).  Iha  temperature  of  tha 
raactcr  vail  varied  down  tha  tube  and  Figure  10  shows  tha  temperature 
rariatics5  for  a  furnace  block  temperature  of  1202  JF, 

Tha  Baxlang  reaction  rata  vill  occur  in  the  regie*.  vf  Vitos 
temperature.  Presucubly  the  rata  in  that  portion  of  the  tube  vfcoee  tempera¬ 
ture  via  12  *F  (10 ’C)  or  acre  belov  the  maximxa  temperature,  did  not 
contribute  appreciably  to  the  overall  rata.  Thus  tha  "effective"  voluae  of 
tha  tub*  wu>  thst  portion  of  the  tub*  Whose  temperature  vaa  within  l6rr  of 
tha  ■exjfltn  vail  temperature,  and  vho»c  volues  vaa  determined  free  a  plot 
such  as  Figure  10.  Tha  "effectiv*"  reactor  tesysrature  vaa  tcien  m  9  *F 
below  tha  wxiiari  temperature. 

Tha  raactor  tuba  vaa  packed  vith  quartz  chips  (10-20  aesh).  Space 
velocities  (msv)a)  then  vara  calculated  ftna  tha  "affective"  tuba  voluase 
(i.e.,  bulk  volume  of  tha  quartz  chips);  apparent  contact  tines  (ATT)  vers 
calculated  fre*  tha  void  voluoes  of  the  packed  tube, 

liquid  raaction  products  were  analyzed  by  CIC  and  gas  products  by 
■aaa  spectrometry.  Scot  coke  vea  formed  but  vaa  art  measured  quantitatively, 
Tha  diffarenca  in  valtfrt  batvean  the  liquid  faad  and  liquid  products  vaa 
taken  a a  "light  gw*  plus  coke". 

First  ordar  reta  constants  vera  calculated  from  #ve  disappearance 
of  starting  material. 


a)  liquid  Hourly  Space  VeTocity  ■  volumes  of  faad  par  *j1vj 
( l»s. ,  quartz;  par  hour. 
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75k  complete  data  for  the  thermal  reaction  studies  with  JtTH  ore 
presented  In  Table;  1!'  and  1*  for  10,  JO  end  66  etc,  respectively.  At  con¬ 
stant  space  vel^ity,  increased  conversion  was  observed  with  increased 
pressure;  piecicnbly  due  to  increased  contact  tire.  As  an  example  at  1202‘T 
and  UCY»s  of  65  to  75*  conversions  of  16.9^*  and  7**.H  were  observed 

at  10*  50  and  68  atm  pressure.  However*  in  these  rune  the  first  order  rate 
constants  varied  only  between  0.22  to  0,25  sec"1*  tfcich  suggests  that  the 
ore  nil  reaction  rate  vns  first  order  in  >CH  a*  found  previously  at  tN*  lower 
pressures. 


At  constant  contact  tine*  conwrslon  appeared  to  be  independent  of 
pressure.  This  was  concluded  from  the  data  of  Figure  11  which  shews  conver¬ 
sion  as  a  function  of  contact  tine  (ACT )  at  three  different  pressure*.  Vi thin 
the  Units  of  experimental  «*.cur&cy,  the  points  for  all  three  pressures  fell 
on  the  sane  line  at  each  temperature. 

liquid  products  were  cracked  liquids  (several  cccpcnents  lighter 
than  benzene)*  benzene*  toluene  and  three  unidentified  '•empeneat*  that  emerged 
on  the  CIC  column  before  and  after  id!  and  after  toluene  (Tables  15  and  1*). 

Gas  phase  products  were  hydrogen  and  Cx  to  C*  hydrocarbons.  Gas  phase  product 
distributions  for  a  number  of  runs  at  various  temperatures  and  pressures  are 
tabulated  in  Table  15. 

Pressure  did  effect  the  reaction  product  distribution.  As  an 
example,  at  3202 CF  and  constant  conversion  (i.e,,  sane  depth  of  cracking), 
increasing  the  pressure  decreased  the  amount  of  cracked  liquids  and  ll#it 
gts  plus  coke;  but  increased  the  liquid  cccpcnents  that  emerged  before  and 
after  fCH*J  (l£ilt_l§). 

In  the  ligrt  gas  fraction  for  these  runs  (Table  15 ).  Increased 
pressure  increased  the  concentration  of  Jfe,  CH*  end  saturated  hydrocarbons. 
Qualitatively  -acre  coke  was  formed  at  higher  pressures  as  the  reactor  plugged 
in  runs  at  68  atm  and  22^2'F  and  IhSY  of  150, 

Pecalin 

Bk*db1  reaction  studies  with  Decalin  were  done  at  10,  50  and  68  ate 
pressvr*.  75k  conplete  data  are  tabulated  in  Tables  17  and  18  and  are 
sianerized  in  Figure  1.  In  general  the  results  obtained  with  this  naphthene 
were  rlsdlar  to  those  obtained  with  iCH.  Thus  at  constant  space  velocity  an 
lacrw  in  conversion  was  obeerrsd  with  increased  pressure  (cf  Run  lkj  and 
1^6-1. Table  17  and  107-5.  Table  18).  pres»ably  due  tc  increasing  ACT.  At 
comparable  ccctact  times  (ACT)  conversions  and  first  order  rete  constants 
vert  essentially  independent  of  pressure,  signifying  first  order  kinetics 
(Firure  12.  cf  Runs  15^2,  156-1,  Table  17).  Unlike  !CH  liquid  product 
distribution  did  not  appear  to  be  effected  by  pressure. 

Gas  phase  product  distribution  for  «  ouster  of  runs  are  shown  in 
Table  19.  As  was  observed  with  MCH  increased  pressure  gave  mere  H«,  CK*  and 
saturated  hydrocarbons,  allhough  the  effect  of  pressure  on  prod  set  distribution 

a)  This  aeteriil  could  well  be  paraffins  and  olefins  formed  by  ring  open'EngT"” 
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Table  15.  THERMAL  REACTION  OF  MCH  AT  VAPICCS  PRESS ORES 

VZ  ggg  F^^giaiK!5WT3l - 


I—'1  ■  1  IIMIIH  wm 

mai 

mzm 

m&m 

mszml 

Pressure,  atm 

30 

66 

10 

50 

68 

Block  Terapereture,  *F 

<— n: 

< — 

S3 

— > 

ACT,  sec 

6.7 

17.6 

1.3 

B 

1.3 

IiCV 

lfc 

12 

16 

68 

150 

MCH  Cctnreroicn  to,  fw 

Light  Gas  and  Coke 

17.4 

21.7 

11.5 

8.2 

7-0 

Total 

39.8 

45.1* 

48.7 

45.6 

48.6 

Light  Gas  Condition,  V 

He 

19-1 

29-5 

18.0 

21.0 

24.2 

«U 

4L.7 

51.0 

34.7 

47.6 

53-2 

c*h4 

10.0 

5.7 

16.3 

10.9 

5-8 

CaH« 

15.3 

6.2 

10.6 

10.9 

9.8 

C*He 

9.3 

11.4 

5.4 

3.5 

G»Hs 

4.2 

2.5 

2.3 

2.2 

Butadiene 

1 

L7 

0.5 

~~ 

CeH« 

3-3 

1.0 

4.0 

1.4 

1.1 

CeHio 

0.4 

0.3 

0-4 

Cyclopsc+adiena 

mm 

0.4 

mm 

Z#io 

mm 

0.8 

mm 

mm 
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T»M*  19.  THOTU1  RXACTTC*  OF  CfCAlt*  PS  VARIOUS  PRESSURES 

5cw.wrw - 


°vir  taai'*r:  llcli- 

"nr" 

tst 

w 

rr" 

"TFT" 

BS£&1 

Pr**rur»,  rta 

10 

30 

10 

30 

10 

m 

Block  T*ap*r*tur*,  *f 

<—12: 

2-» 

- L 

>52 - 

s 

ACT,  «*e 

2.5 

7.6 

0.17 

0.79 

2.3 

1.5 

tfOi  Conr*r*ion  to  '> 

Llfht  Oac  and  Cok# 

59.6 

H.5 

7.6 

8.1 

21.5 

21.8 

Total 

71-3 

68.5 

19.5 

58.1 

85.5 

82.7 

LljJrt  Gm  Coopoaltlon,  3* 

Hr 

19.7 

19.1 

21.1 

30.0 

20.0 

23.2 

ch4 

33-6 

ko.k 

29.0 

31.1 

3S.1 

38.7 

c^h4 

16.1 

12.1 

22.7 

U.l 

16.1 

12.2 

C*H* 

H*.  9 

16.1 

11.9 

12.3 

11.8 

15.1 

CaH. 

8.1 

5.6 

7.6 

1.5 

7.5 

1.9 

C>H# 

1.6 

5.2 

2.9 

3.8 

3.5 

1.1 

tatadlan* 

0.3 

»m 

0.5 

•  • 

0.2 

0.8 

C«H« 

1.7 

0.1 

1.1 

0.6 

1.6 

0.3 

C«Hjo 

0.2 

•  • 

0.1 

0.2 

0.2 

•• 

Noted  lan* 

0.1 

•  • 

•  • 

•• 

0.2 

— 

CaHjo 

0.0 

•• 

0.1 

•• 

o.L 

«*• 

Other* 

0.0 

•• 

0.1*) 

— 

0.21*) 

•J  AcrtyLtnr. 

t>)  0.1/  bmiex;  O.li  cyelop*ntadi«n*. 
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mi  act  cj  pronounced  is  vlth  MTH.  Consider* tie  cola  fcrostlcn  mi  cbeerted 
•t  hl#i  pressure  with  Eecalin  (63  ets)  and  la  cm  run  it  1 252’F  and  63  atn 
th#  reactor  plugged  after  about  four  ainut#*  reaction  (at  6  s* c  contact  tins). 

Bared  on  conversion*  and  flrrt  order  rata  constant*  Decalia  was  at 
least  tvica  as  reactive  as  MCH  In  then  taste, 

VI th  both  ncnocyclie  (H-H)  and  dlcyclic  (iWi)  naphthenes  tha  overall 
theraal  reaction  appeared  to  be  first  order  In  naphthen*  concentration. 
Pressure  appear  to  affect  the  reaction  path  and  gvnervlly,  cere  ?'«,  CH4 
saturated  hydrocarbons  (C*-C 4)  and  coke  Mere  obeerved  at  the  M^ier  pressures, 
further,  vlth  the  raonooycllc  naphthene  there  was  less  cracked  liquids  (i.e., 
lighter  than  benzene )  and  nor#  material  heavier  than  banners  at  the  higher 
pressures.  This  pressure  effect  on  liquid  products  ve*  not  observed  vlth  the 
dlcyclic.  Pressure  appeared  to  enhance  coke  formation,  nore  so  vlth  the 
dlcyclic.  However,  on  the  basis  of  these  data  it  Is  difficult  to  separate 
the  effects  of  pressure  and  contact  tine.  In  these  tests  the  dlcyclic  was  at 
least  tvo  tines  sore  reactive  than  the  monocyclic.  Phase  results  are 
preliminary  and  the  work  Is  continul^. 


RJ-U  Is  a  bridged-ring  hydrocarbon,  tetr^hydraaethylrycloperrtajdisn# 
diner,  obtained  frcsn  Esso  Research  and  Engineering  Co.  as  TH  Harr  Ran  jet. 
There  Is  scat  interest  la  this  material  as  a  fuel  for  air  breathing  and 
rocket  engines  and  ve  have  evaluated  It  In  our  bench-scale  reactor. 

RJ-1.  consisted  of  a  mixture  of  mnerous  compounds,  possibly  isomers, 
of  which  three  aads  up  of  tbs  material.  These  were  present  In  the  ratio 
I:X2:XXI  •  10:51:22.  Figure  15  shove  a  Of  ckrcostogra*  of  RJ-k.  The  liquid 
density  is  0.919. 

KJ-k  v as  tested  under  conditions  of  vapor  phase  thermal  reaction  at 
furnace  block  temperature#  of  8^2-1202 *F  and  1  to  10  ata  pressure.  lhe 
reactor  vas  a  1/1- In.  CD  stainless  steel  tube  vlth  no  packing  in  th*  tubs. 

Ih  tbs  1/V-ln.  CD  tube  the  veil  tesperature  vies  Measured  at  seven 
points  along  the  tube.  The  points  were  1-1/2  inches  apart  and  th*  top  point 
mi  one  inch  below  the  top  of  the  secondary  liner.  The  portion  of  th*  tub* 
above  the  secondary  furnace  liner  served  as  %  preheat  section  and  was  kept  at 
TTO’P.  The  teapsrature  of  the  reactor  vail  vailed  down  the  tube. 


lhs  naadaun  reaction  rate  vill  occur  In  the  region  of  ixinasi 
tesperature.  Presently  th*  rat*  in  that  portico  of  the  tube  who**  tempera¬ 
ture  was  l8*F  (10’c)  or  acre  be  lev  the  asrlac  tesperature,  did  not  contribute 
appreciably  to  the  overall  rate.  Thus  tbs  "effective-  voltsw  of  the  tube  vas 
that  portico  of  the  tube  'hoe*  temperature  vas  vlthin  18*F  of  the  audios 
vail  temperature,  and  \hoee  volina  was  detsrtdnsd  free  a  plot  sue h  as 
Figure  IV.  Th*  "effective"  reactor  te^sratur*  vas  taken  as  9  *F  be  lev  the 


Marian  temperature  and  space  velocities  and  Apparent  Contact  Tine*  (ACT)  were 
calculated  based  cn  the  effective  volts*  and  effective  reactor  temperature. 


I 


•  « 
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Liquid  product  mterial  whs  analysed  by  GLC  ucing  a  165-ft  capillary 
column  (0. 01&-in,  diameter)  coated  with  20t  pclyphenyl  ethers  in  DC-710 
fflicone.  Gas  products  were  analysed  by  marc  spectrometry.  Conversions  writ 
calculated  from  product  analyses  and  neglect  coir®  or  polymer  femaed  during 
reaction. 

At  the  lower  temperatures  and  shorter  contact  tines  (ACT),  RJ-<*  vu 
reasonably  stable  and  less  than  2 %  convc rsion  was  obeerred  (312-1022 *F;  0.6 
sre  ACT;  Table  20 ).  With  increased  temperature  or  contact  tine,  conversion 
increased,  for  example,  at  1202 ‘F  67 1  conversion  was  observed  at  5  seconds 
ACT  compared  ♦-  ?^27l  o*  about  0.6  ATT  (cf  Rum  87-3  with  87-1  and  7W); 
While  at  1022 *F  only  5-H<  conversion  was  observed  at  sec  ACT  (Runs 

73-3  and  86).  ibe  complete  data  are  tbovn  in  l^lS.  20  \&ich  includes  data 
for  S  2112X3.- H  obtained  under  comparable  reaction  conditions  and  reported 
last  year1 3 '  (shown  in  parentheses). 

Product  analyses  are  shown  in  Table  21.  Based  on  the  disappearance 
cf  the  various  components  it  appeared  that  Component  I  was  the  least  reactive 
and  Ccrponent  III  was  the  aott  reactive.  Sene  cohe  was  formed  and  in  one  run 
tbs  cose  formed  plugged  the  reactor  tube  (Run  7**"l).  No  quantitative  measure¬ 
ment  was  made  of  the  coiae  formed ,  however. 

Based  on  overall  conversion  and  on  first  order  rate  constants,  RJ-A 
was  saneidaat  more  reactive  (l.e.,  less  thermally  stable)  than  SKELLPTNE-H. 


)  ?  5 


-*  concept  of  dissolving  an  additive  In  a  fuel,  idiich  would 
rate?  *  f  chemical  reaction  \4aen  the  mixture  is  passed  throu^i  a  hot  tubs, 
lx  jactive  one.  For  example  in  such  a  eystem  there  would  be  no 
excv  ~j.ve  pressure  drop  at  Mg:  linear  velocities  (for  a  reasonable  tube 
disaster).  The  feasibility  of  using  such  a  system  with  about  1%  of  a  fuel 
additive  as  a  homogeneous  catalyst  for  metfcylcyclaheane  dehydrogenation  was 
shown  by  some  calculations  presented  in  a  previous  report.1®/  Thus  for 
aodest  collision  efficiencies  (1C"  6  to  10" *°)  high  reactivities  were  indi¬ 
cated  in  the  temperature  region  cf  500-1200’F,  In  an  application  to  a  high 
speed  air  vehicle  the  finely  divided  catalyst  would  go  into  the  engine  along 
with  the  fuel  anf  be  exhausted  into  the  atmosphere.  Seme  exploratory  esperi- 
asst a,  done  In  a  static  system,  were  reported  rrerlously.1®)  Further 
exploratory  work  now  has  been  dons  in  a  pulse  reactor  system,  with  MCH 
containing  various  additives. 

In  a  pulse  reactor  system  a  small  amount  of  feed  (l  ul)  is  injected 
via  a  syringe  into  a  stream  of  carrier  gas  (tfe),  idalch  is  then  passed  through 
a  heated  reactor  tube  and  into  a  GLC  for  product  analysis.  Our  system,  was 
described  in  detail  in  a  previous  report.  )  The  reactor  was  e  1/Vin.  CD 
stainless  steel  tube  and  contained  no  quartz  chips. 

Tbs  experiment*  vere  carried  out  at  10  atm  pressure,  812-2202 *F 
with  %  carrier  gas  at  an  apparent  contact  time  of  about  10  seccods,  Qoa 
aScrollter  of  MCH  solution  >as  injected  as  a  puls*.  Analyses  of  reaction 
products  were  carried  out  by  GLC.  Most  of  the  additives  were  only  sparingly 
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soluble  In  fCH.  toue  aoct  of  these  tects  were  qualitative  ae  Xi*  additive 
concentrations  were  not  known  exactly. 

The  roc -It?  for  a  series  of  teste  at  1022'F  (Series  l)  using  twrrty 
two  different  additive  are  rjanariaed  in  a  bar  graph  (figure  15);  which  show* 
ICH  conversions  and  selectirities  for  toluene  and  benzene.  DO- 11  was  toe  most 
active  additive  but  selectivity  -na  poor  for  toluene  (12*)  and  benzene  (5*)» 
DC-21  and  rr-oo  v*~»  ?-*in  active  but  had  greater  selectivity  fear  aromatic* 
(20-50*/.  DC-8  and  DC- 9  were  moderately  selective  for  benzene  (ay/o*)  but 
gave  only  5$  ICH  convert  ion.  Ei^it  additives  were  inactive  i&ieh  say  have 
been  due  to  lack  of  solubility.  The  data  are  presented  in  Table  22.  In  order 
to  differentiate  between  convert  ion  due  to  additives  and  that  due  to  pure 
thermal  reaction,  the  series  of  tests  included  rune  with  pure  ICK.  The  conr- 
version  due  to  toe  additives  then  vac  tie  observed  conversion  0 CH  plus 
additive)  minus  toe  conversion  due  to  thermal  reaction  (determined  in  the  run 
with  pure  ICH).  The  corrected  values  were  plotted  in  Figure  15. 

A  few  runs  were  cade  wlto  the  more  active  additives  to  see  the 
effect  of  temnerature  and  space  velocity  on  conversion,  In  a  series  of  runs 
with  DC-8  (2*;,  DC-9  (1.5*)  and  pure  ICH  (1112  to  1202  T,  LHSV  of  6.7-151), 
increased  conversion  was  observed  with  increased  temperature  and  decreased 
apace  velocity  (figure  16).  With  DC-8,  conversions  were  about  those  observed 
with  pure  ICH,  but  product  distributions  were  different.  Thue  nor*  benaene 
and  less  cracked  products  were  obtained  (Table  25).  which  suggests  that  both 
catalytic  aai  thermal  reactions  occurred  concurrently  with  the  DC-3  additive. 
Similar  results  were  observed  with  109,  although  conversions  were  hlsper 
than  were  obtained  with  DC-8  (Table  23).  presumably  because  of  toe  higher 
additive  concentration. 

lbs  effect  of  temperature  on  conversion  for  DC-21  additive  (9.5*) 

Is  edwoun  in  Figure  17.  In  these  tests  with  increasing  temperature  (752  to 
1202 "F,  IKS'/  «  6.7>  conversion  increased  in  toe  region  752  to  952 ‘F,  was 
relatively  constant  at  952  to  1022 CF  and  then  increased  markedly  in  toe 
region  1022  to  1202 'F.  Further,  at  toe  higher  temperatures  (U12  to  1202*F) 
conversions  were  toe  same  as  for  pure  ICH  (Table  2k).  This  suggests  that  toe 
catalyst  was  poisoned  after  a  certain  amount  of  ICH  was  converted  (i.e.,  toe 
amount  converted  at  952  VF)  and  that  any  further  canvereicn  was  due  to  thermal 
reaction.  As  there  was  little  or  no  thermal  reaction  at  1022  CF  (Table  2U). 

HCH  conversion  at  this  tesperature  was  about  that  at  952  "F. 

In  another  series  of  wests  (Series  II),  twenty-seven  compounds, 
each  containing  one  of  seventeen  different  elements  were  tested,  toe  cancer r 
tration  of  additive  in  ICH  was  6*  or  less  and  in  scue  canes  was  limited  by 
solubility. 

toe  results  at  1022 “F  are  suaaarized  in  a  bar  graph  (Figure  18) 
which  shows  ICH  conversion,  selectivity  for  toluene  plus  benzene,  and  toe 
concentration  of  additive  In  ICH.  toe  detailed  data  are  shown  in  Table  25 
and  suenarized  in  Table  26-  In  this  senes  of  teats  199*27  was  toe  most 
active  vlto  about  22*  conversion  and  2005  was  toe  most  selective  with  51* 
selectivity  for  arceatice.  However  in  general  cacwrcioas  w«r*  less  than  10* 
and  selectivities  «re  15  to  50*.  As  there  were  only  seventeen  elements 
represented  in  toe  twenty-seven  compounds  tested,  it  is  obvious  tost  toe 
nature  of  toe  additive  molecule  influenced  toe  activity  and  selectivity  for 
arcaatlcs  In  these  tests. 
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la  a  third  series  cf  tests  (Series  III)  46  cas pounds,  el^teen  of 
vfclch  w»r *  Mrary  aetalllcs  veve  tested. 

The  reculta  are  shewn  In  Table  C7.  Ccnwreicre  Lav;  lee*  than 
15<  (1X2'F).  Cracking  appeared  to  te  the  aain  reaction  and  selectiTltles  for 
benre:*  pins  toluene  were  less  than  except  for  two  additive*  idMch  gave 
and  79*  selectivity  for  conversion  of  5  and  4$.  Seem  synvrgisa  was 
observed  vith  the  biaetallic  .fores. 


The  results  e'etained  thus  far  hare  denote tra ted  that  fuel  additives 
will  cat-olyue  both  cracking  and  dehydrogenation  reactions .  For  dehydrocerv*- 
tioiv  reaction  ’■ates  -were  lev  vith  *d-*iti7to  c-tpwred  to  tfaoe*  obtained  in  a 
fined  bed  eyrtea  -with  supported  piatinus  catalyst*.  As  an  example,  the  bast 
result  obtained  vith  additives  vas  J2t  conversion  at  about  10  seconds  contact 
tine,  compared  to  9C4  conversion  at  about  0.1  Leccnds  contact  tine  vlth  the 
fixed  bed  (1C22T).  Thus  to  be  comparable  to  fixed  bed  operation  an  increase 
in  activity  cf  at  least  two  orders  cf  nagnitud#  &wr  rates  new  obtained  with 
fuel  additives  is  needed. 

Cracking  vas  the  principal  reaction  observed  with  fuel  additives  and 
best  yields  cf  arccatics  were  only  about  4*  (£  yield  »  (  conversion  tines  % 
selectivity  divided  by  100 ). 

In  these  tests  sene  evidence  cf  decomposition  products  and  sene 
residual  activity  vas  observed.  This  suggests  that  the  additive  decocpoced 
to  fores  the  catalyst,  although  the  possibility  that  uadecompc sed  additives 
can  act  as  catalysts  has  net  been  abandoned.  In  all  95  additives  were  tested. 
Soae  of  these  contained  acre  than  one  netal  and  scat  synergism  was  observed. 
Due  to  poor  solubilities  cf  the  additives  in  the  feed,  quantitative  result* 
were  obtained  for  only  a  fev  compounds.  Other  aethods  for  dispensing  addi¬ 
tives  (l.e.,  catalysts)  in  iCH  are  being  considered. 


In  a  previous  report  it  was  shewn  that  the  rote  of  dehydrogenation 
of  nethyleyclchexane  (MTFi)  vith  tiie  standard  platirnsa  catalyst  vas  about  500 
tines  greater  in  a  pulse  reactor  than  in  the  standard  continuous  flew  bench- 
scale  reactor.10)  It  was  presuaed  that  this  enhanced  activity  in  the  pulse 
reactor  was  due  to  hl&ei  catalyst  particle  temperatures  (at  a  given  ftzroace 
temperature)  and  to  less  dlfftsion  effects  in  the  pulse  reactor.  Consequently, 
it  wa  of  interest  to  evaluate  a  fev  of  these  catalysts  in  the  pulse  reactor 
and  to  compare  relative  activities  under  conditions  of  a  very  snail  endo¬ 
thermic  heats  of  reaction  and  vith  a  M risem  of  diffusion  effect  .  These 
catalysts  had  been  evaluated  previously  In  continuous  dew  bench-seals 
tests.*0) 
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Laboratory  Standard  1<  Pt  or,  AlsCa 
IX 30 -6  (2*11  i*6) 
lX3oi*5  (3*11  1*5) 

1X00113  (3*11  113) 

Sinclair- Baker  ROll-O  (RO150) 

U0P-H3 

2*  pulse  reactor  syrtea  war  described  in  detail  In  a  previous 
report. 16  )  In  this  eyrtea  a  carrier  gas  ruch  as  belli®  or  hydrogen  flowed 
ttocujjh  the  reactor.  A  mall  amount  of  liquid  feed  was  injected  into  the 
fa *  stream  and  was  carried  throu^  the  reactor  u  a  "pulse".  The  exit  fas 
au  led  directly  into  a  QIC  for  analysis. 

Each  catalyrt  was  tested  in  a  series  of  rune  at  2150,  3000,  and 
U265  I«SY®)  at  66C  and  752  'F.  Ons  micro  liter  of  .MCH  was  Injected  via  a 
syringe  as  a  pulse.  Both  heliun  and  hydrogen  were  used  as  carrier  gas.  Ibe 
data  are  presented  in  Tables  23  to  33  inc  loci'*. 

At  66c  T  end  with  He  carrier  ecne  catalyrt  deactivation  was  observed 
with  HO  150  (Table  30 )  and  Shell  A5  (Table  29).  but  not  with  the  other 
catalyst*.  This  was  shown  by  the  Ices  in  conversion  between  the  initial  and 
final  rxms  In  the  series.  No  deactivation  was  observed  with  any  of  the 
catalyrta  at  752 *F  using  tig  c airier.  This  catalyst  deactivation  with  He  was 
observed  in  earlier  work  In  the  pulse  reactor16)  and  presumably  occurred 
becauee  the  partial  pressure  of  hydrogen  generated  by  the  dehydrogenation 
reaction  was  not  great  enough  to  remove  the  coke  precursors  fran  the  catalyst 
surface.  This  greater  sensitivity  of  the  RI>-150  catalyrt  to  deactivation 
correlates  with  its  inferior  intrinsic  activity. 

Hydrogen  treatment  at  the  higher  temperature  (752 'F)  appeared  to 
regenerate  Shell  A  5  but  not  K>150.  Thus  with  Shell  A5  at  T52‘F  the  conver¬ 
sions  observed  with  fresh  catalyst  were  about  those  observed  with  a  hydrogen- 
treated  partially  deactivated  catalyst,  (cf  Runs  126-2,  -3,  -A;  with  Rune 
l63-2#  -3,  -A;  Table  29).  Vith  HI>150»  however,  conversions  were  hi^ier  with 
fresh  catalyrt  than  with  hydrogen-treated  used  catalyst,  (cl  Runs  132-1,  -2, 

-3  and  Runs  1602,  -3,  -A;  Table  30). 

At  both  tender* ture s  conversion  decreased  with  increased  space 
velocity.  IMS  Is  Shown  by  Finn*  19  -Alch  Is  a  plot  of  conversion  as  a 
deactivation  by  assuming  that  the  deactivation  was  s  linear  function  of  the 
nurber  of  pulses.  Hydrogen  was  used  at  the  higher  temperature  as  previous 
Mark  with  12m  standard  plat  1  mg  catalyst  had.  ah  own  extensive  catalyst 
deactivation  at  T32*F  with  He  carrier  gas.16)  Using  hydrogen  at  the  lower 
temperature  {(£2*7)  gave  ccnvonBlcae  that  were  considerably  lower  tbim  with 
He,  presumably  because  of  an  equilibrium  effect  (Tables  28  JteJg). 

Product  arterial  was  principally  toluene  vith  lesser  amounts  of 
beuwae  and  cracked  products  (liquids).  Product  distribution  was  different 
at  tbs  two  temperatures  and  for  the  different  catalysts.  At  662*7  with 
heilluB,  select! vi ties  for  toluene  were  90 5  and  higher.  Also,  of  the  two  minor 
products  with  hydrogen  the  reverse  was  true,  and  selectivity  for  cracked 

a)  liquid  Hourly  Space  Velocity;  volumes  of"liquid  feed  per  volume  of  cat*- 
lyrt  per  hour.  In  these  experiments  the  I HSV  was  calculated  from  12a 
carrier  gas  flow  rate  and  the  bulk  value  of  Ihe  catalyst  (i-e.,  0X5  sl). 

-T> 
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products  wn*  higher  thin  that  for  benzene  vhiis  that  for  tolurnr  via 
generally  lover  than  vlth  Hr.  Tible  chcvj  jelectl  Titles  for  nr  lows 
products  In  Uu!  rune  *t  hipest  spa ce  velocity.  Hi£iest  toluene  selectivity 
vu  obtained  with  HD- 150  where  96*9911  was  obtained  «t  both  temperatures . 
{Merest  selectivity  for  toluene  via  obtained  vlth  Usell  *»6  (Title  5* ). 

These  results  suggest  that  at  the  higher  temperature  with  hydrogen  present, 
a  hydrocracking  reaction  occurred.  Further,  the  extent  of  this  secondary 
reaction  was  different  for  each  catalyst,  possibly  due  to  the  influence  of 
the  different  catalyrt  support*). 


Ta^lt-  3^  ^HZCTIYniSS  Vgj  VARIES  CAIAUSS 
LHSV:  k?65 


Catalyrt 

Reaction 

Tesp 

Carrier 

Gas 

Selectivity  for, 

Toluene 

Benzene 

Cracked 

Standard 

662 

He 

99.6 

OJ* 

752 

He 

9**.0 

* 

6.0 

Shall  *5 

662 

He 

9*».2 

3.1 

2*7 

752 

Hs 

88.5 

0.5 

11.2 

Shell  16 

662 

He 

95.7 

5.2 

1-1 

752 

Ha 

85.6 

1.6 

lt-8 

TOP- S3 

662 

He 

95.0 

V.3 

752 

Ha 

93.5 

1.5 

Shell  115 

66? 

Hs 

93.5 

752 

Hs 

90.7 

wsm 

HD-150 

662 

Hs 

96.8 

1.2 

■ 

752 

% 

97.8 

oa 

El 

Belatlw  activities  of  the  various  catalysts  we  different  at  the 
ttfo  tea peraturee  except  fbr  Shell  1*6  sdiich  was  the  noet  active  and  HD- 150 
vhlch  was  the  least  active  at  both  teaperatures.  Table  35  llets  the  catalyste 
la  decrees  Inc  order  of  activity  based  on  conversion  at  LKSV  of  V265;  the  bench- 
scale  results  are  shown  tar  comparison.  The  differences  la  relative  activities 
at  different  temperature*  In  the  pulse  reactor  could  hae»  been  due  to  dlffer- 
eaces  in  activation  energies  vlth  the  various  catalysts,  or  to  the  use  of  He 
at  662 *F  and  Ha  at  75 2*F.  Comparing  the  results  In  the  two  reactor  systeas, 
the  relative  activity  of  the  standard  catalyst  was  considerably  less  in  the 
bench- scale  reactor.  This  suggests  that  diffusion  affects  asy  haw  been  an 
lsfortant  factor  and  possibly  rats  controlling  of  overall  activity  In  the 
bench-scale  test  vlth  this  catalyst. 
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Catalysts  listed  in  order  of  decreasing 
activity  (i.e.,  convereicn) 

Pressure :  10  ate 


Pulse  Reactor 

Bench-Sc«le 

feeder 

1K5V  .  1*065 

LKSY  -  IOO 

662  *F 

752*F 

Sk2*F 

3*11  1*6 

3*11  1*5 

Standard  Catalyst 
UCP-R8 

3*11  1 13 

RD-15C 

3*1 1  1*6 

Standard  Catalyst 
3*11  1*5 

Shell  113 

UOP-Rfl 

HD- 150 

3*11  k6 

Shell  U5 

3*11  113 

C0P-R8 

Standard  Catalyst 
HD- 150 

First  order  rate  constants  were  calculated  Circa  ccuverslct*  and  are 
tabulated  in  Table  36.  The  values  for  the  pulse  reactor  are  probably  only 
qualitative  as  our  cysten  vas  not  designed  for  quantitative  determination  of 
rate  coefficients.  Tims  qualitatively  relative  reaction  rates  in  the  pulse 
reactor  and  in  the  bench-scale  reactor  were  obtained  by  comparing  the  first 
order  rate  constants  obtained  in  the  two  systems.  Bench-scale  rate  constants, 
obtained  at  reactor  temperatures  of  61*2' F  were  corrected  to  752'F  usi^  the 
previously  determined  activation  energies  (Table  VS).  The  ratios  of  the  rate 
constants  in  the  jails#  reactor  kp  to  those  in  the  bench-scale  reactor  kg 
showed  that  the  catalysts  appeared  to  be  over  two  orders  of  magnitude  more 
active  in  the  pulse  reactor  system  (Table  36).  As  stated  previously,  this 
difference  probably  vas  due  both  to  a  higher  actual  catalyst  temperature  and 
to  lesa  diffusion  effects  on  the  rate  controlling  step  in  the  pulse  reactor. 

.Efltei.gr  fey-tor.  Arterial  on  Reactivity  of  D*c»Hn 

In  preliminary  studies  on  the  dehydrogenation  of  Mcyclcheptana 
(BCH),  it  appeared  that  the  reactor  tube  vas  catalyzing  both  the  thermal  and 
toe  dehydrogenation  reactions.  This  effect  vas  not  obesrved  earlier  with 
Decalln;  and  subsequent  investigation  Acved  that  fbr  the  BCH  studies,  the 
reactor  tube  had  been  fabricated  fraa  material  obtained  Cram  a  different 
manufacturer.  Consequently  a  flrv  experiments  were  dens  to  see  to  \fcat  extent 
the  reactor  material  catalyzed  the  cracking  reaction.  In  study  the 
thermal  reaction  of  Decalln  was  used  as  a  test  reaction. 

The  tests  were  carried  out  using  reactor  tubes  fabricated  from 
different  types  of  stainless  steel.  In  order  to  entirely  elisdarte  the  effect 
of  the  mrtal,  one  reactor  tube  was  fitted  with  a  quartz  liner.  The  varies* 
reactor  materials  were: 
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Tim  &  ieh  sea  asms  osttffg.. 

vgr^^?f  7i  saAio  A.-7ivi7i5s.a  ma 


Pressure :  10  ata 


aflat  flgftctcx 

lasv:  4265 

flaaperctura .  752*F 

Carrier  Gas:  Ha 

Catalyst  Volme:  0.25  «1 


PPKtefciliJlEiflgr 

QCV:  100 

Block  Temperature:  842  *F 
Catalyst  VoIum:  7  >1 


Catalyst 


1#  Pt  on  11*0* 
(dtanderd) 

Shall  46 


Pula*  Reactor 

Bench-Scale  He actor 

First  CWer 
Bata  Constant, 
see*1 

Flrat  Order 
Hate  Constant, 
aac"1 

Eact» 

kcal/aole 

84.5 

94.4 

0.652 

11.9 

96.3 

100.7 

o.m 

13.4 

77.0 

74.7 

0.654 

16.4 

70.0 

58.4 

0.788 

15.5 

59.6 

46.1 

0.620 

12.0 

67.6 

57.2 

0.692 

12.0 
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a)  Type  3l£  Staiclsa*  Steel;  Patco  (to.  316). 

b)  Type  Stalsle*3  Steel;  Greenville  Tube*  (to.  30^). 

e)  Type  30k  Stainless  Steel,  Bishop  tad  Ccapsny  (to.  3CAB). 

d)  type  3<A  Stainless  Steel;  Eiahcp  and  Ccnpaay  vltli  a 

quarts  liner. 

The  reactor  tubes  were  l/V-in.  CD  with  0.035-in.  vail  thickness.  The  liner 
was  a  quarts  tube  0,159-in.  CD.  0. 116-in.  ID,  that  fit  crmgly  Inside  the  steel 
tabs.  The  lover  end  of  the  quartz  extended  beyond  ‘the  heated  sods;  the  up per 
end  extended  into  the  infection  port,  so  that  feed  was  injected  directly  into 
the  quartz  tube.  At  the  top  end  the  space  between  the  quarts  tube  the  aetal 
tube  was  filled  with  glass  wool  and  sealed  with  a  refractory  csaent;  so  that 
no  feed  contacted  aetal  in  the  heated  zone.  In  these  tests  the  reactor  tubes 
were  filled  with  quartz  clips  (10-20  aeah). 

The  tests  were  done  at  10  rta  preosiae,  1022  to  12CG*F.  Ctat  slcro- 
11  ter  of  liquid  Decalin  (EKN)  was  injected  per  pulse.  Both  be  11m  and 
hydrogen  wre  used  as  carrier  gas. 

The  data  are  euauriaed  in  Figure  20  which  shows  HOI  corners  ion  as 
a  function  of  space  velocity  at  1 112  and  1202 *F»  Hipest  reactivity  was 
obtained  with  the  quarts- lined  tube.  Based  cm  cocvcrglsoe  at  IHSV  of  1015 
relative  reactivities  in  decreasing  order  at  1112 *F  ware:  quart*- lined 
tube  •  ?0l*0.  »  31 6  >  3d 8  -  3d;  and  at  12CC'F  ware:  qmrts-lined 
tube  >  5d3  r  30U  »  316.  The  >dG  tube  was  not  tested  at  the  higher 
t-nperature. 

The  cccplete  data  obtained  with  the  quarts- lined  tube  are  presented 
In  lahle  37  and  with  the  aetal  tubes  in  Table  58.  The  latter  table  also 
Includes  earlier  work  with  a  Biahop  and  Ccopaxqr  30k  tubs  (So.  30AB). 

aeocticn  products  ware  principally  cracked  naterial  except  with 
tube  No.  316.  With  this  tubs  26.6%  Decalln  was  converted  to  naphthalene  at 
1112  *F  with  %  carrier  (Hun  102,  Table  38).  At  hi&er  tenperature  hove  war 
(1202 *F)  little  or  no  dehydrogenation  was  observed  under  these  coalitions 
(Hun  11-3;  Table  38).  While  the  pocsibility  exists  that  type  316  stainless 
steel  will  catalyse  the  dehydrogenation  of  Decalln  under  carefully  controlled 
conditions,  no  further  investigation  in  this  ares  is  planned  at  present. 

There  was  sans  passivation  of  the  aetal  tubs  with  continued  use. 
Thus  with  the  aoet  active  tubs  (No.  304G)  30%  ON  conversion  was  observed 
Initially  at  1U2*F.  However  after  contacting  tbs  tube  with  fid  ul  of  mw  at 
1202 *F,  conversion  at  2222  *F  had  declined  to  22.6%. 

These  results  shewed  that  the  reactor  naterial  can  affect  the 
reactivity  of  Decalln  for  thersal  reaction.  Under  our  reaction  conditions 
the  effect  of  the  aetal  was  to  Inhibit  the  reaction  rats.  These  test  results 
vers  fer  taall  mounts  of  hydrocarbon  Is  a  freshly  cleaned  tube.  Tfcethcr  the 
observed  affect  would  persist  under  ccetinuoae  flow  conditions  over  several 
hewn  reaction  tins  has  yet  to  be  drteadned. 
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^activity  cf  Decalin 

lit  previous  work1*)  it  vu  shewn  that  the  nominal  reactivity  of 
■tthylcyclofcexan#  for  dehydrcgeaitictt  vu  over  two  crderc  of  aa/rd  V*!*  greeter 
in  the  jailae  reactor  titan  in  the  continuous  flow  bench- sc  tie  reactor.  This 
enhanced  reactivity  wee  attributed  to  higher  catalyst  particle  temperatures 
at  a  given,  furnace  temperature  and  to  leee  diffusion  effect*  in  the  pulse 
*"£*•  it  vm  of  interert  nev  to  test  a  dlcyclic  naphthene  such  aa  Decalin 
in  the  pause  reactor  systea.  Theae  results  would  then  provide  a  basis  tne  a 
4iuick  evaluation  test  (in  the  pula#  reactor)  for  fuels  rssh  a#  dieethanp- 
decalin  and  substituted  fulnnee. 

_  thermal  and  dehydrogenation  reaction*  were  studied  using  F-113 

r^.^.  ihia  material  contained  cis-ITriH,  25.C*  trons- 

Ui,i  and  C*4<  t*tr*lin  (TKK)*  Beth  he  lit®  and  fcjnlrogen  wrt  uced  as  carrier 
g^a;  1  ul  of  EKN  vw  injected  as  a  pulse.  The  reactor  tube  was  l/*-iiw  CD 
eta-nlesG  steel;  Type  3ft;  Bishop  and  Coepany.  This  material  v**  found  to  b* 
the  least  reactive  with  Decalin  in  special  test*  (see  page  8l).  Product 
aeterio.  was  analysed  by  Gil  using  a  150-ft  stainless  steel  column,  0.01>in. 
coated  with  cF-96. 

3aaal  aaaUgp 

*  taction  studies  v«re  done  at  10  atn  pressure,  1(222- 1202 *F, 

k  fll  7  10  2211  Vflich  corresPcnd*<l  to  apparent  contact  tiswo  (ACT)  oi 

.0  to  0.13  seconds.  Hydrogen  was  used  as  carrier  gas.  Ibe  data  are 
presented  in  Table  50. 

Under  conditions  of  thermal  reaction  conversion  increased  with 
increased  tenperature  and  increased  contact  time  (Figure  21:  ACT  «1/LK5V). 

Ci^?r!Ione  v,r*  3*  at  0,2  ceconS*  ACT^but  increased  to  kkf 
“JJ**  seccndsACT,  respectively.  Further,  at  about  4.5 

‘Sl!  7'  conversion  increased  from  about  3*  at  1022*F  to  about 
1  F:  corresponded  to  an  ac.lvntion  energy  of  about  75  local/ 

^  FBrtndpally  cracked  products  (liquid)  vfcich  verre 

o?tS  ““Xf*  C"aikli2)  appeared  anctaalous  as  the  yield* 

of  TO.  and  naphthalene  were  high  ccnpored  to  other  runs.  This  experiment 
vui  be  repeated  and  the  present  recults  oust  be  considered  suspect. 

. _ .  -111  thes*  tests  the  reactivity  of  DH7J  at  1200*7  was  about  that  . 

r!*?TT!r\ ^prtYl0U<  "«*»  the  continuous-flow  bench-scale  reactor.1*) 

“?  ^  conversion  was  observed  at  120e*F  (litSV  of 

alS^i^'J0???^  COTverslon  in  the  pulse  reactor  (li£v  of  28' 

JJSSX*  *  ^  L^1!  b*nch“,cal*  reactor  induced  three  fbld  greater 
reactivity.  The  bench-scale  data  are  shown  as  a  dotted  lirw  in  Figure  21. 

P*. activation  energies  in  the  tv?  cases  are  teal  for  the  bench 

oP.?S  f"  ^  compares  to  ft  teal  found  by 

Monsanto*  in  their  work.  These  differences  undoubtedly  reflect  the 
^iffic^ty  of  closely  defining  the  reaction  zones  in  th*  various  types  cf 
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Raactor  Votum*;  2.4  ml 
Pr*»iur*:  10  atm 
Carriar  G<i: 

Rtactor  Filled  with  Quartz  Chip* 
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Dehydr\  gvoation  va*  carried  out  at  10  «ts  pressure  vlth  cur  standard 
li  platinum  on  aiuKina  catalyst.  Only  0.25  al  of  catalyst  (0.2i*  g)  was  used, 
and  the  catalyst  was  diluted  with  1.25  *1  of  quartz  chips  {10-20  arsh'j  Vo 
fi«  a  total  catalyst  bed  of  about  three  inches.  Tests  -were  done  at  l*J2  \ui 
752*7  using  both  heliua  and  hydrogen  as  carrier  gas •  "S'-®  tests  consisted  f 
a  series  of  runs  at  each  temperature  at  LKGY’s  of  828  tc  The  runs  ^re 

bractetted  to  detect  catalyst  deacti ration  during  the  tests.  The  data  are 
presented  in  It  Vies  jjO_aaLil» 

Catalyst  deactivation  was  observed  at  662 ‘T  with  He  carrier,  but  not 
at  752*7  with  Ha  carrier.  This  was  evident  as  the  conversions  for  conditions 
of  the  initial  run  got  progressively  Iswr  during  the  succession  of  r.M 
(la&xJiO).  This  catalyst  deactivation  with  He  (also  obcerved  with  MTK) 
presumably  occurred  because  the  partial  pressure  of  hydrogen  generated  during 
dehydrogenation,  was  not  great  enough  to  remove  the  cote  precursors  from  the 
catalyst. 


The  effect  of  space  velocity  on  conversion  is  shown  in  Figure  JS 
which  is  a  plot  of  conversion  *s  a  function  of  IhSV.  The  points  at  t«2*F  have 
been  corrected  for  catalyst  deactivation.  For  this  correction  it  was  assumed 
that  the  deactivation  was  linear  between  the  bracketed  runs.  At  both  tempera¬ 
ture*  conversion  declined  with  increased  space  velocity;  acre  go  at  the  lower 
temperature .  Hi^-.er  conversions  were  obtained  in  the  pulse  react cr  at  lever 
fiance  temperatures  and  ouch  hi£ier  space  velocities  than  were  used  in  bench- 
scale  reactor  tests.  For  e maple  in  the  pulse  reactor  85. 6i  conversion  was 
obtained  at  an  LEV  of  <*960  and  a  fiance  temperature  of  752’f  (Table  -l). 
coopered  to  **0.2t  conversion  in  the  bench-scale  reactor  at  an  LiiGV  of  100  and 
a  furnace  temperature  of  3l2*F  (Table  17). 

First  order  rate  constants,  calculated  from  the  above  conversions 
»n  57.9  sec’1  and  O.U96  sec*1  for  the  pulse  (752 *F)  and  bench- cc ale  reactors 
(8k2*F),  respectively.  Using  an  activation  energy  of  7.7  kral/nole 
treble  it 3^7  gave  a  value  of  0.352  sec’1  at  a  reactor  temperature  of  752’F 
in  the  bench- scale  reactor.  Thus  as  was  observed  with  MCH,  the  reactivity  of 
EHN  was  about  200  tines  cr  two  orders  of  magnitude  greater  in  the  puloe 
reactor.  Presuaably  this  enhanced  rate  was  due  to  both  a  higher  catalyst 
particle  temperature  and  less  diffusion  effects  in  the  pulse  reactor  system. 

Sxraary 

This  work  substantiates  earlier  work  with  MCH  namely,  that  consider¬ 
ably  higher  reaction  rates  are  poesible  with  our  platlnui  on  alumina  catalysts 
than  ware  obtained  in  the  bench-scale  reactor.  At  least  part  of  the  observed 
rate  Increase  was  due  to  the  higher  catalyst  particle  temperatures  (due  to 
the  leer  heat  capacity  of  the  pulse)  that  prevailed  in  the  pulse  reactor  system 
(for  a  given  furnace  temperature ).  Thus  high  conversions  at  space  velocities 
hitter  than  those  used  in  the  bench-scale  work  appear  feasible  if  heat  can  be 
transferred  acre  rapidly  from  the  furnace  block  to  the  catalyst  particles. 


Catalyst:  1%  Pt  on  Al/Oj 
Catalyst  Volume;  0.25  ml 
Catalyst  Weight;  0.24lg 
Pressure:  10  «tm 
Catalyst  Diluted  with  1 . 25  ml 
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Diaethanodec al  In  (ttT>)  Cu^ha,  is  *  dicyclic  naohthene  containing 
two  Pacei  rings  with  carbon  bridge#  across  the  !,*»*  wJ  5,o-pcsiti3ns.  It  can 
be  ffcJhydrcgenated  with  the  reacvul  of  twj  and  fire  aoieculea  of  hydrogen 
according  to  the  following  reaction: 


00  —*■  00  *  "■  CO  * *■ 

The  endetheraatic  heat  of  this  reaction  Is  about  9CC  Dtu/lb  for  the  first 
step  and  could  attain  about  2100  Ttu/lb  if  all  5Ha  could  be  reaored.  thus 
DU)  1#  another  attractive  candidate  fuel  even  though  the  removal  of  acre  than 
2Hb*>  *ay  be  difficult  to  accomplish. 

The  DM3  tested  contained  a  number  of  components  that  oresuaably 
were  various  lscners.  Two  species  (OX  and  Ife.Tt,  respectively)  sate  up 
about  85$  of  the  feed.  Flrure  21  is  a  GLC  chromatogram  of  the  feed;®) 

Table  (how  the  GLC  analysis  in  which  the  components  are  listed  in  the 
order  of  their  GLC  energencc  tines. 


m 


0.6 

2.1 

1.2 

2.3 

5.3 
3.5 

69.3 

0.8 

1V.7 

0.2 


DM)  me  tested  in  the  pulse  reactor  under  condition*  of  both  thermal 
and  dehydrogenation  react!  "i  conditions.  The  reactor  tube  was  l/t-in.  CD 
etalnleee  rteel  tubs;  Type  30A;  Bishop  and  Company  (see  page  8l). 

The  rune  were  aade  at  10  ata  pressure;  i  ul  of  liquid  was  injected  per  pulse. 
Conversion*  were  calculated  from  the  amounts  of  disappearance  of  the  principal 
{bed  components.  For  computation  of  c cr.ee rs ions  only  those  species  present  In 
concentration*  of  1^1  or  acre  were  considered  principal  components  (i.*.,  A 
r  usaa^i,  isilaJS).  Ho  attenpt  ha*  been  nade  to  identify  a  par* 
ticular  species  nor  any  of  the  reaction  products  as  yet.  In  thl*  reactor 
system  space  velocities  were  calculated  ffca  the  carrier  gas  flow  rate. 

a)  QIC  analysis  ware  aade  at  2^F  (120 *C)  using  a  150-ft  stainless  steel 
columa,  0,010  in.  ID,  coated  with  SF-96. 


Table  U2.  A.SAI3SS  CF  &t. 


feggsasaS 

Before  A 

A 

After  A 
B 
C 
D 
Z 

After  Z 
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The  thermal  reaction  was  studied  oyer  the  temoerature  region  A 
1022-12C2T  it  UiSY's®'  cf  15  to  1590  with  loth  helium  and  hy*roger  carrier 
gas.  This  corresponded  to  apparent  contact  tis*3  (AC T)^)  of  4.2  to  0.*? 
seconds.  Experiments  were  dene  in  both  the  stainless  steel  tube  and  •  tube 
fitted  vith  a  quartz  liner. c)  The  data  obtained  with  the  set al  tube  are 
presented  In  Tables  45  and  44  for  hydrogen  and  heliua  carrier  gas, 
respectively;  and  ftar  the  quartz* lined  tube  in  Tables  ^5  and  4$  for  hydrogen 
and  he  Li  uw  carrier. 

Tn  all  test*  DK)  conversion  increased  with  increasing  temperature 
and  increasing  contact  tine.  This  is  shown  in  Figure  25.  i4-.Ich  is  a  plot  of 
conversion  as  a  function  of  temperature  for  various  space  velocities  (aetal 
reactor  tube;  Ha  carrier  gas);  and  by  Firure  25  which  shows  EM;  conversion 
a*  a  function  of  IiBV  for  various  temperatures  ( WSV  *1/ACT;  data  for  quartz- 
lined  reactor).  Reactivity  was  greater  vith  Ha  than  vith  He;  and  was  greater 
in  the  quart** lined  tube  than  in  the  metal  reactor.  For  example  at  1202 "F 
and  US'/  of  100-100,  EM  conversions  of  14.2<  and  4  .0i  were  observed  for  K® 
(Table  4;)  and  He  (Table  44)  carrier,  respectively,  in  the  aetal  tube  compered 
to  29^  and  24$  for  Ha  and  He  in  the  quart 2- lined  tube  (Firurc  25).  In  all 
test*  product  material  appeared  to  be  primarily  material  lighter  than  DM5 
(i.e.,  e Merged  before  compound  A)  and  was  assuaed  to  be  cracked  products. 

Based  on  Gt£  emergence  times  there  was  scoe  indication  that  sr.mil  amounts 
(ill  or  less)  of  cis-DKN  and  tetralin  were  formed.  Flrure  26  is  a  chroma  to  gram 
of  the  product  material  for  Hun  151-1  (Table  4;).  EM  appeared  less  reactive 
than  DHN,  as  at  the  same  temperature  and  contact  time,  EM  conversions  were 
lov*r  than  those  of  DKN  (cf  Run  11*9-4,  Table  4;  and  Run  150-1,  Table  59). 

Heats  of  reaction  were  not  calculated  pending  product  identification. 

Dehydrogenation 

Dehydrogenation  of  DM)  was  carried  out  at  662*752 *F  vith  our 
standard  1$  Pt  on  Al^Cb  catalyst.  In  these  experiments  0.25  ml  of  catalyst 
(0.2V  g)  was  diluted  vith  1.2J  nl  quart*  chips  (1020  mesh),  to  give  a  cata¬ 
lyst  bed  length  of  about  three  inches.  Testa  were  done  at  5T2  ,  662  and  752  "F 
using  belies*  and  hydrogen  as  carrier  gas.  The  tests  consisted  of  a  series  of 
runs  at  each  temperature  of  lHS\’,sd)  of  86  to  5178.  The  runs  were  bracketed 
to  detect  catalyst  deactivation  during  the  test.  The  data  are  presented  in 

Wk>T» 


Catalyst  deactivation  was  observed  at  all  threa  temperatures  both 
with  heliu*  and  hydrogen  carrier  gas.  This  vas  concluded  as  the  conversions 
for  the  conditions  of  the  initial  runs  got  progressively  lower  during  the 
series  of  runs.  This  result  was  different  than  was  observed  with  MH16)  and 

a)  "ifCV  was  calculated  from  the  carrier  gas  flow  rate  and  the  bulk  volume  of 
tbs  quart*  chips.  The  bulk:  voluns  ■  2. 4-0  ml  for  the  steel  tube  and 

0.87  ml  for  the  quart*- lined  tub#  ■  volume  of  the  empty  reactor. 

b)  ACT  was  calculated  from  the  void  toIupc  in  the  tube  and  which  was  taken 
as  one- half  the  volmt  of  the  empty  reactor. 

c)  The  quartz- lined  tube  was  described  in  a  previous  section  (page  81). 

d)  IBS?  were  calculated  froc  the  carrier  gas  flow  rate  and  the  bulk  vnTivw 
(i.e.,  0.25  ml)  of  catalyst. 


•  •  • 


•  •  • 
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rKN  vdsere  c*t*ly3t  deactivation  was  observed  only  with  helivas  and  not  with  Ha*  . 

IMe  kuggert3  that  vlth  DM):  a)  th#  feed  may  contain  a  catalyst  poison  that  p 

it  not  removed  by  hydrogen ;  b)  th*  coke  precursor*  fora*!  from  DM:  are  differ* 

«nt  froa  those  forced  from  DfiN  or  MTH,  and  are  not  as  readily  removed  by 
hydrogen.  Further  experiments  are  contemplated  in  vdilch  the  feed  vlU  be  ‘ 

passed  ever  silica  gel  prl rr  to  use;  and  the  testa  vlll  be  don*  at  higher 
partial  pressure  of  hydrogen  (i.e.,  20  cr  30  at&  pressure). 

l 

The  effect  of  space  velocity  on  conversion  is  shown  In  flgur*  27 
vhich  it  a  plot  of  DM)  conversion  as  a  function  of  IKTV.  These  points  have 
been  corrected  for  catalyst  deactivation  u  was  described  in  the  section  on 
dehydrogenation  of  Decalin.  At  both  temperatures  conversion  declined  with  I 

<  v— 1  <  A*,  ^  Cf  VJIT  CdlT 1  ®6ST  ft.fi  thtt  < 

of  Decalin,  possible  because  cf  catalyst  deactivation.  (The  anourrt  of 
deactivation  during  the  initial  pulse  cannot  be  date  mined  frm  om-  data.) 

As  an  example,  at  about  5000  IhCV  at  752'F,  33$  DM)  conversion  was  observed  & 

(corrected  for  deactivation)  cosnared  to  85.6$  DEN  conversion  (cf  Run  1^1*1, 

Table  47  and  Run  137-4,  Table  *»1).  Further,  product  material  appeared  to  be 
principally  cracked  products,  particularly  at  the  highest  temperature.  Thla 
conclusion  was  based  on  the  observation  that  the  lighter  components  (i.e., 
before  and  after  A)  were  greater  and  component  E  wa s  less  th.an  were  present 
in  the  s  to -ting  material.  This  suggests  that  hydrogen  promoted  a  catalytic 
hydrocracking- type  reaction  seme  of  whose  products  could  have  strongly  I 

poisoned  the  catalyst.  Flrure  25  is  a  GLC  chromatogram  of  the  product  of  J 

Run  13^2.  It  Is  fairly  evident  from  the  multiplicity  of  peaks  that  a  '< 
reaction  other  than  simple  dehydrogenation  occurred.  One  of  the  possible 
reactions  is  a  reverse  Liels-Alder  reaction  following  dehydrogenation  thus; 


CO-'OD-O-d 

Either  the  cyclic  acetylene  or  •:yclopentadiene  could  act  as  catalyst  poisons. 

First  order  rate  constants  were  calculated  from  the  rate  of  dis¬ 
appearance  of  starting  material.  At  the  highest  temperature  and  space 
velocity  (752 *F;  IiiSV  •  5178),  a  value  of  19.9  sec”1  was  coeputea  based  on 
the  corrected  value  of  the  conversion  (Table  47  Run  141-1).  This  was  consid¬ 
erably  lower  than  was  obtained  with  MCH  (S**A  sec"1)  or  DEN  (57.9  sec"1)  and 
again  suggests  that  reactions  other  than  dehydrogenation  are  taking  place. 
Further  exploratory  work  will  be  done  vlth  this  naphthene. 

Reactivity  of  Sicyc  lchactanc 

Bicycloheptane  (BCh)  is  a  monocyclic  naphthene  with  a  carbcc  bridge 
across  the  1,4-poeitlon.  It  can  be  in  principle,  dehydrogenated  to  yield 
three  molecules  of  hydrogen  according  to  the  reaction. 

0“^  0 ,a!a— *  0  OH“ 
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The  erd.-theraic  heat  of  this  reaction  Is  L?50  Ptu/lb  for  the  first  st«p  and 
possibly  1600  Btu/lb  f-r  both  st-ej >s.  Another  possible  reaction  of  BCH  la  the 
formation  of  tetracycl^jcFtadiene  ria  the  reaction*: 


0-0 


The  tctul  endothermic  heat  for  this  reaction  is  estimated  to  be  about  2}00 
Btu/lb.  Thus  BCH  is  a  very  attractive  candidate  endothermic  fuel,  even 
though  it  may  be  difficult  to  carry  the  reaction*  beyond  'he  first  step. 

BCH  was  tested  in  the  pulse  reactor  under  conditions  cf  both  thermal 
and  catalytic  reaction.  The  runs  were  made  at  10  ata  pressure;  1  ul  of  liquid 
vas  injected  per  pulse.  BCH  is  a  solid  at  room  temperature  and  nelt3  at  about 
177*F  (60*c).  Thus  it  was  necessary  to  hect  the  syringe  in  order  to  inject 
the  feed  as  a  liquid.  The  reactor  was  a  l/b-in.  CD  stainless  steel  tube, 

Type  30U  (Bishop  and  Co.)  with  0.0J5-ft  wall  thickness  and  was  heated  by  an 
electric  furnace  over  a  five- inch  length. 

GLC  analysis  of  the  BCH  feed  shoved  that  96.91 t  of  the  material  ease 
out  as  a  single  peak,  followed  by  several  smaller  peaks  vAiich  amounted  to  1.11 
and  rfiich  were  considered  impurities.®)  Conversions  were  calculated  free  the 
disappearance  of  the  principal  component  of  tne  starting  material.  No  attempt 
•<as  made  to  identity  the  impurities,  nor  any  of  the  reaction  products  as  yet. 
In  this  reactor  system  space  velocities  were  calculated  fre  the  carrier  gas 
flow  rate. 


Thermal  reaction  was  studied  over  the  temperature  region  of  1022  to 
1202*F  at  UEYb)  0f  114-271  with  both  H2  and  He  carrier  gas.  This  range  of 
space  velocities  corresponded  to  Apparent  Contact  Times  (ACT)  of  I4.2  to  0.19 
seconds.  In  these  experiments  the  reactor  tube  was  filled  with  quart*  chips 
(10-20  mesh).  The  reactor  tube  was  1/U-in.  CD  stainless  steel  tube;  type  3C*; 
Bishop  and  Co.  (See  page  81.) 

In  a  previous  section  of  this  report  it  yes  shown  that  the  reactor 
tube  could  catalyse  a  erecting  reaction.  Thus  in  order  to  have  a  direct 
comparison  between  BCH  and  another  naphthene,  the  thermal  reaction  of  both 
BCH  and  Decaiin  (KIN)  were  carried  out  consecutively  in  this  series  of  tests. 
The  data  are  presented  in  Table  ^3. 

With  He  carrier  BCH  conversions  increased  with  increased  temperature 
and  increased  contact  tin#  (Figure  29).  For  example  at  1202 *F,  DCH  conversion 
v«s  about  1.7)1  at  an  ACT  of  0.19  seconds  and  increased  to  7.S4  ard  23.6)1  at 
ACT'S  of  0.91*  and  3.7  secoixs,  respectively.  Further,  at  about  U  seconds 

a)  GLC  analyses  were  made  at  70”C  using  a  lt>5-ft  stainless  steex  capillary 
colusn,  0.01-in,  CD,  coated  with  SF-96  $0  silicone. 

b)  LHSV  was  calculated  fren  the  carrier  gas  flow  rate  and  the  void  volume 
of  the  tube  (1.0  ml). 
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He  results  obtained  thus  far  with  this  catalyst  were  slnllar  to 
thee*  obtained  with  DM)  in  that  under  the  test  conditions,  cra‘-Vring  appeared 
to  be  the  principal  reaction.  As  the  reactivity  was  greater  with  Ha  this 
suggests  that  hc~trogen  promotes  a  cracking" type  reaction.  Poccibly  less 
catalyst  deactivation  and  hei*:e  improved  reactivity  mi#it  be  obtained  by 
operating  the  reaction  at  higher  pressures. 

It  proved  extienely  difficult  to  inject  jwre  liquid  BCH  into  the 
pulse  reactor.  Hi*  waa  because  there  was  only  a  stmil  temperature  difference 
between  the  melting  point  (190'F)  and  the  boiling  point  (223' F),  and  hence  the 
syringe  could  not  be  maintained  at  the  proper  temperature  during  feed  injec- 
ticn.  Consequently  the  ctlwr  twelve  catalysts  were  tested  with  a  mixture  of 
6&f  BCH,  ?1<  benzene  and  It  unidentified  material.  Tests  were  done  at  LHSV* 
of  206  and  21  over  the  temperature  range  of  662-1022 'F.  He  complete  data 
are  presented  in  lafrlff  5?. 

None  of  the  catalysts  tested  were  particularly  effective  in 
dehydrogenating  BCH  to  the  mono-  or  diene.  In  fact  the  most  bicycloheptadiene 
produced  waa  with  the  R-8  alumina  support  (see  Runs  154-2  and  154-4),  with 
only  about  15t  selectivity  at  about  45-50^  BCH  conversion.  A  number  of  the 
catalysts  did  produce  benzene  plus  toluene  in  about  50%  selectivity  at  65% 

BCH  conversion  or  higher  (e.g.,  10860-92D;  9874- 114 B:  9074-144).  Unfortunately 
the  endothermic  heat  of  this  reaction  is  only  about  450  Btu/lb  for  complete 

c  carve  re  ion  of  BCH  to  toluene,  so  this  is  not  a  very  attractive  reaction  path. 

Cracked  material  was  one  of  the  principal  products  and  some  of  the  catalysts 
were  more  effective  for  the  cracking  reaction  than  others  (cf  98T4-22B, 

9874- 39B  with  9074-U4B  and  9^74- HlB).  Of  the  catalyst  supports  the  silica 
'**  the  least  active  and  the  R-8  alumina  was  the  most  active.  In  fact  it 

appeared  that  for  metal*  mounted  on  this  latter  support  a  good  portion  of  the 

catalyst  activity  was  due  to  the  support  (cf  ft-8  Al^Oa  with  9874-144  and 
9&T4-141B). 


»  • 
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I  • 


ft  •  • 


From  the  results  obtained  in  these  tests  and  the  tests  with  our  ft  • 

standard  catalyst  it  appears  that  it  will  be  difficult  to  dehydrogenate 
bridged  ring  naphthenes  to  the  corresponding  aromatics  with  high  or  even 
moderate  selectivity. 


Beadr Scale  .Evaluation  Tests  with  Mettalcvclohcxane 

Two  catalysts  were  evaluated  in  the  bench-scale  reactor.  Ci*  of  ft 

these  was  prepared  under  our  catalyst  development  program  (10860-34)  and  the 
other  was  a  caetnercial  platinum  on  alumina  catalyst  (’icudry  200-SR:  Series  A). 

Ha  vast  procedure,  which  has  been  described  in  a  previous  report,  '  gives  a 

measure  of  the  effect  of  temperature,  pressure,  space  velocity  (i.e.,  contact 

time)  and  catalyst  stability  over  a  three-hour  test  period  using  a  single 

charge  of  catalyst.  His  test  Involves  making  a  series  of  runs  at  842  and 

1022*F,  10  and  30  atm,  and  IHSV's  of  50  and  100.  Our  standard  laboratory  .  | 

platinum  go  alumina  catalyst  was  also  tested  for  comparison.  *1 

Ha  results  of  tha  tests,  the  condition*  of  each  no,  and  tba  order 
in  which  tha  nos  were  mad*  are  shown  in  Table  53.  Each  catalyst  was  rated  . 

as  to  "Relative  Performance".  Hi*  rating  was  designed  to  show  how  the  j 

catalyst  was  performing  at  the  end  of  the  test,  relative  to  the  standard  ! 

catalyst  and  quantitatively  was  taken  as  tha  ratio  of  the  first  order  rate  !a 
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constant  with  the  catalyst  (k;)  to  that  with  the  standard  catalyst  (kE) 
calculated  from  the  MCM  conversion  of  Run  %c.  7. 

Based  cn  these  tests  the  lab  prepared  catalyst  vat  nore  active  than 
the  standard  catalyst  initially,  but  deactivated  badly  during  the  test,  and 
beets*  inactive  before  the  completion  of  the  test.  lossibly  operating  the 
reactor  at  higher  pressure  might  stabilise  this  catalyst. 

The  Koudry  catalyst  was  less  active  than  the  standard  catalyst,  had 
slightly  higher  apparent  activation  energy  for  dehydrogenatiu.  .  and  deacti¬ 
vated  slightly  more  than  the  standard  catalyst. 

Evaluation  of  Catalysts  for  tno  ^hydronaratitti  .olJT K 
la  IjlCUL- Jggch-Sc ale  and  rSC IR  lasts 

In  earlier  tests  in  the  KICTE10)  and  in  the  bench- re  ale  apparatus,10) 
catalyst  mnber  lu28o-46  and  its  prototype  967!*-199B  were  shown  to  be  superior 
to  toe  standard  reference  catalysts  for  the  dehydrogenation  of  MCK.  These 
catalyst*  consisted  of  platinum  mounted  on  a  granular  support,  da  the  basis 
of  the  good  activity  found  it  was  decided  to  test  this  catalyst  in  the  FSSTR 
and  a  large  batch  was  prepared  using  a  spherical  support.  The  spherical 
support  had  the  same  composition  as  the  granular  support.  The  large  batch  of 
spherical  catalyst  was  number  10280113  (Shell  113)  and  its  prototype  was 
10280 9U. 

Shell  U3  was  evaluated  in  our  bench-scale  reactor  using  our 
standard  test  procedure.*)  The  results  of  the  tests  are  shown  in  Table  5^. 
Which  also  includes  the  data  obtained  with  987i*-199B  (platinum  on  granular 
support;  obtain* a  earlier)10)  for  comparison.  Shell  113  was  about  15  £  mere 


active  than  th*  standard  catalyst,  V 
support  catalyst. 


was  definitely  inferior  to  the  granular 


Activation  _nergies  ranged  free  10.3  (standard  catalyst)  to  13-k 
kcal/aole .  Thee*  values  were  calculated  from  the  rate  constants  obtained 
from  the  dota  of  Runs  1  and  2.  All  of  the  activation  enc:  gies  ’were  greater 
than  that  of  the  standard  catalyst;  this  suggests  that  the  new  catalysts 
would  be  even  more  active  than  the  standard  catalyst  at  temperatures  above 

1022  *r. 

It  was  of  Interest  to  cospare  the  performance  of  Shell  113  to  that 
of  the  reference  catalyst  in  the  three  test  apparatii.  In  these  apparatii 
the  reference  catalysts  and  the  test  conditions  were  different  and  are  shown 
in  Table  55. 

In  tests  with  1028O-91A  (Shell  113  prototype)  in  the  MICTR,  76% 
.1CH  conversion  was  observed  at  8h2‘F  after  13  minutes  reaction  time  compared 
to  66%  conversion  with  the  reference  catalyst.  Eased  on  first  order  rate 
constants,  catalyst  10280- 91A  was  about  32%  lart  active  than  the  reference 
catalyst. 

In  tests  In  the  bench-scale  reactor  3x11  713  was  about  23£ 
active  than  our  standard  laboratory  catalyst. 

a)  See  page  15  . 


-210- 


i  i 


•  • 


« 


APAPUTR-67-II4 
Part  111 
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Re  fere  net 

Catalyst 

Test  Condition* 

Apparatus 

Pres surs, 
ata 

Texpsrature , 
*F 

LHSV 

KICTR 

967V2I* 

10 

662-  8Ji2 

100 

Bench- sc ale 

9eTW*) 

10 

8to-lCC2 

100 

FSSTR 

oop-hb 

35-58 

900  938 

625-1610 

a)  Standai^  laboratory  If  Pt  on  AltOj  catalyst^ 
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la  tests  in  the  FCCTR  it  appeared  that  Shell  313  was  definitely 
nore  active  than  the  reference  catalyst  !XP *R8.  the  pertinent  data  obtained 
in  the  FSSTR  are  shown  in  Table  56.  For  a  ao*#  detailed  caejariscn  of  the 
two  catalysts  all  of  the  FCC-TR  data  will  be  analysed  using  our  picked  bed 
cccputer  progrsa  in  future  work.  For  the  present  it  is  apparent  that  the 
Shell  113  catalyst  was  mere  active  tl-ar.  the  reference  catalysts  in  all  tests# 
Other  catalysts  that  were  more  active  and  acre  etabl#  than  Shell  113  or 
yCP-Rfl  under  MCTR  and  bench- sc  ale  test  conditions  (euch  u  10260  <#6  and 
1066o- 11  l*c)  will  be  evaluated  under  FSSTR  test  condition*  is  tha  future. 


<g> 
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Reactor  Tube  Length:  Two  feet 

Reactor  C£:  0.375  inches 

Initial  Pressure :  900  peig 

Inlet  Tecperature:  900*F 
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C.nver.t'.  .'•nql  jrtrular  C  talyfl'.g  and  ? a t-n l_y •.  1  o  Citings 

Th*  -^nv»nt$'.’n»l  caul/'!*.  pr*^*i ratlin  end  small  seal*  MCH  ieh ydro- 
genat'.  -n  scr**-.*. nf  teat  iKICTR)  rr  fpsa  begun  urvler  this  contract  has  been 
continued  turtng  tM  past  yvsr.1  'lft)  Many  stilt; -nsl  granular  catalysts 
have  b-*n  prepared  that  c-T-aiatet  of  on* ,  or  tvo,  or  three  or  sort  metal*  on 
vari -us  supp*  rts.  Hst  of  these  were  combinations  not  previously  studied,  or 
optimisation's  of  combination's  previously  etudied.  A  number  of  trial*  were 
m>  with  chelated  » Ingle  actlr*  metal#  and  unchelatsd  binary  mixtures  with 
the  object  of  increasing  astal  dispersion  and  thus  increase  dthydr ogenatlcu 
ectivlty  and  selectivity.  Also  with  this  objective  th*  effect  of  high 
tespersture  muffling  In  *lr  has  been  studied  with  tn*  aor*  prc«l3i.ig  catalyst 
systeos.  "pedal  attention  has  been  paid  to  finding  cheaper  and  acre  abun¬ 
dant  metal  >r  natal#  to  subetltuta  for  expensive  supports!  platinum. 

Ixprov«**nt  of  catalytic  coatings  for  astal  surfaces  ha*  bean 
continued  for  application  and  eechanicai  properties,  parti cularly  adherence 
to  netal  surfaces,  and  catalytic  activity.  Many  new  formulation#  have  been 
studied  by  strip  test  evaluation  and  by  MICTR  tests  of  the  candidates  In 
platinised  granular  fora.  Sons  of  th*  b*3t  formulation*  have  been  teated  a* 
wall  -atalysts  on  1/A"  OD  tubes  In  the  MICTR  and  the  best  »o  far  cn  1/9"  CD 
tube*  In  the  FSSTR. 

Through,  August  1969,  a  total  of  827  catalysts  have  been  prepared, 
or  obtained  from  proprietary,  or  ecaaerdal  sources;  nearly  all  of  these  have 
been  evaluated  In  th*  MICTR.  Most  of  the  catalyst*  were  tested  In  10-20  a* eh 
par4 id*  else*,  Including  aany  catalytic  coating  candidate  formulation*.  A 
number  of  catalytically  coated  tubea  ( 1/U"  OD)  have  also  been  evaluated. 
Screening  has  been  for  dehydrogenation  activity  with  MCH  and  selectivity  to 
t.lusne,  at  10  aha  pressure,  without  added  hyurogen,  at  LKSV  100,  and  662, 

752  and  8>»2*F.  with  the  1/8"  coated  tube*,  the  same  pump  rate  (90  ml  MCH/hr) 
we  maintained  a*  for  the  usual  granular  catalyst  charge  (0.9  ml  diluted  to 
2.0  ml  with  granular  quarts).  The  tube*  were  filled  with  quarts  t>  create 
better  mixing  and  heat  transfer.  All  catalysts  were  compared  with  reference 
catmlyet#  987^-159  (1^  Pt/OOP  R-8  type  AlvO^).  A  duplicate  stand-by  reference 
catalyst  (10866-70,  run  878),  sade  2  years  after  th#  original,  gave  almost 
identical  teat  result*.  The  purpose  of  the  screening  tests  is  to  obtain  a 
quick  comparison  with  the  reference  catalyst  so  as  to  locats  th*  most  premising 
catalyst  compositions  and  eliminate  catalysts  with  activities  too  low  or 
•elsctivltiss  too  poor  to  b#  of  practical  importance. 

A  sketch  and  photographs  of  the  MICTR  are  shown  in  Figures  8rf  83  and 
52  in  tbs  Appendix  of  Reference  18  along  with  a  description  of  the  operational 
details.  Subsequent  modifications  appear  in  the  Appendix  of  Reference  16  and 
more  recently  th*  original  CLC  trace  recorder  has  been  replaced  with  a 
Wertrcnica  recorder.  Detailed  test  data  appear  in  Appendix  Tebiss  151-135. 

Various  trials  have  been  mad*  to  develop  better  adhesion  of  support 
coatings  to  sand-blasted  and  smooth  stsinlsss  stsel  (50A)  surfaces,  partic¬ 
ularly  the  latter.  This  has  been  carried  out  mostly  on  flat  astal  surfaces 
for  convenience  of  inspection  (1/2*  x  2"). 


AFAPl  -TR-A7-114 
Part  Ul 


Catalyst  Pry m  rati  on 

Or  inula  r  Catalysts 

Most  of  the  catalysts  have  been  prepared  by  impregnation  cf  various 
supports  (10-20  s*3h)  with  ere  cr  more  natal  3alt  or  natal  complex  solution*. 
Colloid  by  oven  drying  at  a  node  rata  taw  para  tore  and  reduction  in  eltu  at 
different  elevated  temperatures  prior  to  evaluation  in  the  MIC7R.  Same  Type  1 
supported  bimetillic  catalysts,  however,  were  first  Impregnated  with  metal* 

K  or  3  in  the  desired  amount,  dried,  and  riffled  in  air  at  932*7  to  "coat" 
the  support  surface,  prior  to  emplacement  cf  the  active  metal.  Subsequently 
the  desired  smount3  cf  second  soluti.ns  were  imprecated  and  the  catalysts 
dried  at  259*7*  Seduction  in  hydrogen  was  usually  done  in  the  MICTR  tut  in 
some  cases  in  an  enclosed  separate  unit,  or  the  catalysts  were  first  muffled 
at  elevated  temperature. 

Typically  only  small  quantities  of  any  particular  catalyst  has  been 
prepared,  l.e. ,  a  few  grams  to  ~25  grams.  The  amounts  of  metals  employed 
were  usually  within  the  limits  of  1  to 

Various  catalytic  coating  candidates  were  prepared  and  screened  in 
plati  iced  10-20  mesh  particle  size  for  activity  and  selectivity  with  MCH. 
Since  the  primary  object  has  been  the  mechanical  strength  and  catalytic 
properties  of  these  materials  as  thin  films  cn  metal  surfaces  there  result* 
will  be  discussed  in  proper  context  in  the  appropriate  following  eectiona. 

The  objective's  cf  this  study  are  discussed  in  the  previous  section. 
The  effects  produced  by  various  preparative  and  operational  procedures  are 
discussed  in  connection  with  their  rUCTR  catalyst  performance  'under 
Catalyst  Evaluation. 

Catalytic  Coatings 
Metal  Stripe 

Additional  candidate  catalytic  coating  materials  have  been  prepared 
with  the  object  of  improving  metal  adherence,  to  find  mere  active  practical 
systems,  and  to  optimize  for  activity  the  amount  of  platinum  emplaced.  Thin 
coatings  have  been  made  mostly  on  smooth  or  sand-blasted  rectangular  stainless 
Steel  stripe  (304,  1/2  z  2"),  followed  vy  drying  first  st  ambient  temperature 
and  than  at  higher  temperature,  and  finally  muffling  at  elevated  temperatures, 
usually  In  air.  Similar  sand-blasted  mild  steel  strips  were  used  earlier  in 
this  ptriod  but  these  tended  to  oxidize  mors  readily  to  form  a  surface  scale 
at  elevated  temperature  which  weakened  the  coating  bond  strength.  In  same 
cases  calcination  In  hydrogen  gas  at  elevated  temperatures  vns  employed  to 
avoid  surface  oxidation.  More  exacting  recent  tests  const? *  of  examing  the 
coating  physical  appearances,  thickness,  and  estimating  per  nt  stripped  off 
when  a  piece  of  pressure-sensitive  labeling  taps  is  firmly  pressed  cn  the 
coating  surface  and  than  removed  with  a  steady  pull. 
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Metal  Tubes 

In  granular  catalyst  lspre^vatlone,  the  desired  aa-unt  of  aetal 
eccpcund  Is  put  Into  solution  and  thus  is  virtually  all  Imbibed  cn  the  rapport 
as  it  Is  drlsd  with  stirring,  so  that  the  metal  psrcsntags  on  the  ultimate 
catalyst  Is  accurately  kncvn.  However,  the  aaoveit  of  aetal  similarly  laid 
dcvr.  cn  a  thin  support  coating  on  astal  cannot  be  as  easily  known  without 
controlled  conditions  and  analysis  of  the  coating*  Heretofore*  a  tingle 
concentration  of  platin' jb  aetal  In  solution  has  been  ueed  ( 16.8  eg  Pt/al) 
which  vlth  gran 'lie  a  vcaild  give  2-3i  Pt.  Hcvever,  the  data  given  In  Table  71 
Indicate  that  the  expected  Pt  content  would  be  closer  to  7$  and  probably  too 
high  for  the  most  efficient  catalyst.  Experiments  were  carried  out  In  which 
four  tubes  were  entirely  coated  Inside  with  a  formulation  I  rapport  about  6 
idle  thick;  this  was  controlled  by  pulling  a  0.182"  die  tapered  Teflon  plunger 
through  the  thixotropic  coating.  Before  suf fling,  the  top  7*1/2"  of  the 
dried  coating  were  drilled  out.  The  tubes  wvre  then  ruffled  at  75 2*F.  Three 
of  the  tubes  (Noe.  20,  16  and  15)  were  filled  (and  let  stand  for  two  hours) 
with  solutions  containing  A. 2,  8.1*  and  16.8  sign  Pt/al,  respectively.  The 
excess  solutions  were  drained,  blown  clear  with  ecepre3sed  air,  and  the  tubes 
dried  and  snaffled  at  662 ’C  to  convert  the  aetal  to  Pt-HO.  Tube  He.  17  was 
treated  similarly  except  that  It  was  twice  successively  filled  with  the  Pt 
containing  solution  (16.3  mgm  Pt/al).  After  each  Impregnation  the  usual 
draining,  blowing,  drying  and  muffling  was  carried  out.  The  bottesi  5"  of  ea cn 
coating  was  then  drilled  out  by  hand  and  the  drilled  coatings  analyzed  for  Pt; 
bed  lengths  were  A*  long  and  in  the  usual  emplacement.  Thus  a  Pt  range  of 
*•5  to  12.95  was  achieves.  (10860  -  7  and  8  series) 

Tube  27  was  coated  with  Foraulatlcn  I  In  which  the  fibroma  and 
particulate  Type  1  supports  had  been  ball  milled  together,  before  the  Type  6 
binder  was  added.  About  5$  platinum  was  emplaced.  (10860-13) 

Three  1/A"  00  stainless  steel  tubes  (30A)  were  thin -coated  Inside 
with  formulation  I,  dried,  and  muffled  in  the  usual  manner.  The  tubes  had 
been  filled  at  the  upper  end  with  the  thixotropic  formulation  and  then  a 
tapered  end  Teflon  plunger  (0.182"  In  diameter)  was  drawn  through,  so  that 
the  thickness  of  the  coating  measured  ca  5  sills,  after  muffling.  The  coating 
formulation  has  been  designed  to  avoid  surface  checking  and  to  give  t 

shrinking  on  muffling.  Excess  coetlng  was  drilled  out  after  the  drying  step, 
so  that  the  length  of  the  remaining  coating,  and  its  position,  corresponded 
to  that  of  the  usual  granular  charge.  Tube  2A  was  Impregnated  with  ca  55 
natal  A,  based  cn  coating  weight.  Tubes  26  and  23  were  coated  with  roughly 
6  and  10%  aetal  K  In  the  usual  manner,  dried  and  muffled  in  air  at  932*F,  and 
then  each  Impregnated  vlth  the  saw  amount  of  aatal  A,  and  dried.  Reduction 
waa  carried  out  In  situ,  In  the  usual  manner.  The  actual  metal  concentrations 
were  not  determined.  (10660-55  series) 

Two  1/A"  CD  tubes  (30A)  thin  coated  with  Formulation  I  support 
ware  Impregnated  with  two  different  amounts  of  aetal  B  amine  (tubea  22  and 
25,  apprcKiaataly  A  and  65  aatal  based  on  coating,  reap.).  The  A-l/A"  long 
ooatlngs  were  muffled  at  932‘”  before  aetalllxlng  and  reducing  In  situ  In 
the  KICTR.  The  WCTR  evsluat  ,~ns  of  the  catalytlcally  coated  1/A”  tubea  are 
emaarlsed  in  Table  71  In  the  Evaluation  Section  and  given  in  acre  detail  in 
Tablaa  131-133  of  tba  Appendix. 
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Two  1/8"  OD  stainless  steel  tubes  (}<*)  and  25"  long  «n  coated  In 
a  similar  nanrer  for  evaluation  in  t he  F3G7R  with  MCH,  and  tb*  test  results 
are  reported  In  a  separate  section  of  this  report.  The  uneven  Inside  of  each 
tube  (I.D.  0.071")  was  scarified  by  working  a  0.06?5"  dia  drill  rod  beck  and 
forth  with  a  twisting  motion,  using  No.  200  carborundum  pcvder-water-soap 
paste  as  grinding  agent.  This  was  then  thoroughly  removed  by  water  washing 
and  pushing  cotton  plugs  through  the  tubes.  Two  similar  Fcraulaticn  I  coating 
materials  're  used  that  were  designed  to  differ  in  ultimate  hardness  and 
density.  The  same  general  technique  was  used  as  for  the  1/U"  dia  tub**, 
except  that  the  tapered  end  plunger  was  a  short  piece  of  2.0625"  dia  drill 
rod.  Tube  L-l  contained  0.071*  g  coating  (10860*Vf)»  and  tube  L-2  contained 
0.141  g  of  a  harder  and  denser  coating  and  was  probably  more  evenly  coated 
(10860-48-1).  After  heating  to  752*F  the  coatings  were  ca  4  ail*  thick.  The 
tube  eoatlng3  were  platlnua  ana  In*  impregnated  (ca  5H  Pt)  in  th*  usual  manner 
and  dried;  reduction  to  Pt  metal  was  done  with  nitrogen  in  situ  in  the  FSSTR. 
The  teat  results  and  heat  flu*  measurements  are  reported  in  another  section 
of  this  report. 

Catalyst  Evaluation 

,  Granular  Catalysts 

Various  means  of  increasing  activity  of  platimsa/type  1  support 
catalysts  have  been  studied  by  attempting  to  increase  th*  dispersion  of  th* 

•  metal,  e.g.,  cause  more  of  th*  platinum  to  be  spread  out  as  a  mono  layer. 

The  activities  of  the  resulting  catalyst 3  for  JCH  dehydrogenation  have  been 
used  as  the  criteria  of  the  effects  produced.  Table  57  auaaarizes  th* 
results  and  Tables  131-133  of  the  Appendix  gi\as  ccmplet*  details  for  each 
MICTR  run.  The  approaches  tried  were  those  cf  emplacing  Pt  by  icn  exchange 
on  a  type  10  support,  by  chelates  or  complexes  on  type  1  support,  and  by 
multiple  instead  of  single  impregnation  of  platinum.  In  nearly  all  ca*es, 
the  reaction  rates  at  752  *F  were  equal  to  or  less  then  th*  control  catalyr. 
(10860-57C).  Amncnium  thiocyanate  caused  a  decrease  in  activity  which  could 
be  restored  to  the  normal  level  by  heating  th*  catalyst  in  air  (10660-91  and 
93,  reap.).  In  one  instance  where  ethylene  diamine  was  used,  a  small 
improvement  in  activity  resulted  (10660-593)*  Impregnation  of  Pt  four  suc¬ 
cessive  times  on  type  1  support,  followed  by  thermal  decomposition  of  the 

•  tetraamlne  impregnate  at  752  *F  after  each  of  th*  first  three  impregnation* 
gave  about  th*  same  activity  as  catalyst  prepared  with  a  single  impregnation 
and  with  the  same  total  Pt  content.  (Catalysts  IO80O-II5A  and  115B,  runs 
1059  end  1060,  Appendix  Table  133) 

Earlier  study  shewed  that  Increasing  platinum  content  from  1  to  ^ 
on  a  type  1  support  increased  activity  but  much  less  than  4  fold.10)  Also 
for  a  given  support  with  increasing  platinum  content  a  maximum  of  actl  ity  was 
reached  and  thi3  then  declined  with  a  further  Pt  increase.  On#  gram  of  Pt  as 
a  monolayer  would  be  expected  to  cover  -276  a2  of  surface  area.23)  Thu#  a 
ljl  Pt/type  1  support  having  a  gross  nitrogen  adsorption  area  of  286  m2/g  would 
have  only  2.76  a r  of  surface  covered  by  Pt  at  most,  and  a  4o6  Pt  content 
11.0  m2  of  surface  covered  if  dispersal  were  complete.  Theoretically  there 

•  would  be  ample  roan  for  platinum  dispersal  but  this  hasn't  been  achieved  in 
actual  practica  and  apparently  a  considerable  fraction  of  the  ?t  atoms  fora 
dumps  so  that  the  metal  is  not  used  catalytically  at  th*  maximum  efficiency. 
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Catalyst 
Mo.  10660- 


IOC 

106 

10260- 

155C 

191D 

192C 

1920 

1921 
10660- 
16 

59 


Table  57.  Atnms  AT  TBCPJEA&IKO  ACTIVITY  BT 

Dismeuto  YARI5&''kETAI£'CN  SUPPORTS 


Condition! ;  UEV  100  with  HCH,  10  atn  pres  mire, 
oo  added  hydioten,  teopereturt  752  ‘f 


Dispersing  Agent 


Hens  (control)  Type  1 
loo  ezhcnage  Type  1 
Ion  exchange  Type  1' 
a, a*  dipyridyl  Typ*  1 
ethylene  dinaine  Tlpe  1 
thiocyanate  Type  1 
thiocyanate,  oxldixed  in  air  Type  ) 
ethylene  dianine  Type  1 
ethylene  diamine,  act  tie  neutr  Type  1 
Pt  [{CKaJa  Pt  AcAeJa  Type  1 
Control  single  impregnation  Type  1 
V  lnpregnatio»iat)  Type  1 

Mane  Type  1 
a,a*  dipyridyl  Type  1 
ethylene  dianine  Type  1 
ethylene  dianine  Type  1 
ethylene  dianine,  acetic  neutr  Type  1 

a,a*  dipyridyl  Type  1 
ethylene  dianine  Type  1 
ethylene  dianine  Type  1 


(fetal  trichloride 
ethylene  diamine  1.1 

3,a*  dipyridyl  1:2 
ethylene  dianine  (l:>) 
ethylene  dianine  (1 J) 
ethylene  dianine  (1:3) 
ethylene  dianine  (1 J) 

nltroeo  aalt 
a,a'  dipyridyl  (1:3) 


He  tel 

Type 

s 

Pt 

u 

Pt 

k 

Pt 

k 

Pt 

k 

Pt 

2 

Pt 

2 

Pt 

2 

Pt 

k 

Pt 

k 

Pt 

1 

Pt 

k 

Pt 

k 

A 

k 

A 

k 

A 

k 

A 

2 

A 

2 

B 

k 

B 

k 

B 

2 

B 

2 

I 

V 

X 

V 

I 

5 

X 

3 

X 

2 

X 

k 

X 

0 

X 

k 

X 

k 

Support 

Bus 

!*>♦ 

to/to*> 

(752*F) 

Type 

1 

993 

1.1k 

Type 

10 

728 

1.03 

Type 

1C 

736 

0.69 

Type 

1 

992 

1.1k 

Tlpe 

1 

99** 

1.33 

Type 

1 

951 

0.91 

Type 

) 

961 

1.11 

typ* 

1 

10)1 

1.20 

Type 

1 

1032 

o.ei 

Type 

1 

lokO 

1.00 

Type 

1 

1U59 

1.28 

Type 

1 

1060 

■■  1 

1.21 

Type 

1 

812 

1.30 

Type 

1 

87o 

1.2k 

Type 

1 

8T7! 

1-13 

Type 

1 

1033 

l.lk 

Type 

1 

103V 

1.2k 

Type 

1 

879 

0.76 

Type 

1 

880 

0.68 

Type 

1 

1035 

0.T3 

Type 

1 

1036 

0.75 

Type 

1 

Tkk 

0.33 

Type 

1 

7V> 

0.29 

Type 

1 

632 

0.38 

Type 

1 

683 

0.71 

Type 

1 

691 

0.69 

Type 

1 

693 

0.30 

Type 

1 

o9«* 

0.2% 

Type 

1 

755 

0.31 

Type 

1 

896 

0.59 

to  ■  Pint  order  rate  contest  of  reference  catalyst  96  7k- 139 . 
b)  After  let  through  3rd  inprefneticn,  end  during,  enff led  in  air  at  T52*F. 
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A  cis#  In  point  Is  nitror-n  reduced  catalyst  10069*115,  containing  V.l*$  total 
platinuc/type  1  support  (subseque ntly  eva’uated  In  the  F33TR).  This  adsorbed 
15  **  me  lea  '•'.?/ g  catalyst  between  52  end  95 2T  which  at  a  H/Pt  ratio  of  1.0 
corresponds  to  only  51$  ncr.odis parsed  Ft. 

Generally,  the  activity  c."  netai  A  v»a  net  Is  proved  by  chelation 
impregnation  1  -f  Table  57).  This  metal  Is  a  cl,se  competitor  to  Pt  tut  has 
tne  short  c>nlng  ..f  p.orer  selectivity  at  high  MTH  conversion.  As  diseusaed 
In  another  section,  thic  dicadvantage  can  be  overcome  In  granular  catalyst# 
by  addition  of  neoal  K. 

No  improvement  of  activity  resulted  on  chelation  *i  5. 

Improvement  was  noted  In  a  few  cases  with  tne  polynuclear  aetal  I  but  as 
discussed  below  selectivity  to  toluene  is  peer  at  the  higher  MCH  ccnversiona. 

Study  has  continue  1  cf  using  supported  aetal  K  as  an  alternate  or 
supplement  to  platlr.ua,  Unfortunately,  this  aetal  is  less  abundant,  in  consid¬ 
erable  demand,  and  acre  expensive  than  platinum  nut  eight  be  useful  If  It 
demonstrated  high  specific  activity,  stability  or  synergy. 

Previously,  small  percentages  of  supported  aetal  A  on  a  particular 
type  1  support  were  found  to  have  low  catalytic  activity  for  MCH  dehydro¬ 
genation.  In  general,  it  has  required  large  amounts  (10$  or  acre)  on  another 
type  1  support  to  produce  activity  equivalent  to  1-2$  supported  p’atinua 
(catalysts  93t!j -121A  and  1213,  runs  156  and  157,  respectively,  Table  JJ. 
ref.  I8).a^  AI30  a  disadvantage  of  tnis  type  cf  catalyst  has  been  formation 
of  cracked  products  and  benzene  in  addition,  to  toluene  (  i.e.,  poor  selec¬ 
tivity)  when  test  conditions  were  made  severe  enough  to  pro-due-  70-30$  MCH 
conversion.  In  addition,  the  latter  two  catalyst 3  were  found  to  have  poor 
toluene  selectivity  and  to  lose  activity  when  tested  with  MCH  at  1022°F,  at 
LH3V  100,  and  at  10-50  atm  pressure,  in  the  bench-sca^e  test  (c.f.  Table  6. 
p.  29,  18).  Poor  selectivity  was  also  obtained  with  catalytically  ccated 
1/U"  CD  tubes  (c.f.  Table  68.  runs  618  and  620,  ref.  R-2).  Combination  cf 
metal  A  with  cne  or  two  ether  metals,  cn  t  type  1  support,  generally  has  not 
improved  catalytic  activity,  or  selectivity  at  high  conversion,  with  the 
exception  of  platinum. 

Quite  active  catalysts  have  been  obtained  with  2-1*$  metal  A  on  a 
type  1  support  that  sxceed  the  activity  of  the  reference  catalyst  98711-159 
and  equal  that  of  control  catalyst  10869-29  on  the  same  support.  However, 
serious  loss  of  selectivity  begins  at  about  90$  MCH  conversion  (c.f.  catalysts 
10860-JJA  and  53B,  runs  311  and  812,  Table  58).  It  has  been  found  that.  If 
the  support  Is  first  coated  with  a  difficultly  reducible  metal  (K)  cacide  and 
calcined  before  Impregnation  with  metal  A  complex,  while  the  activity  remains 
the  same  the  selectivity  is  much  improved  up  to  almost  complete  MCH  conversion 
(c.f.  catalyst  10860-28C,  runs  789  and  606,  respectively.  Table  58).  Thus 
this  system  appears  to  be  a  close  competitor  to  the  Pt/AlaOs  system  in 
granular  catalyst  fora. 


•1  Active  catalysts  were  reported  earlier,  however,  with  U-lo$  metal  A  on 
type  2  and  5  supports  that  war*  highly  selective  at  MCH  conversion*  up 
to  73$.  A  type  6  support  give  a  much  less  active  catalyst. 
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The  effect  has  been  further  studied  of  coating  type  1  support  with 
salts  of  difficultly  reducible  toe+als  V  or  K  oxides  prior  to  impregnation 
with  various  metal  complexes  other  than  those  of  metal  A  (discussed  above). 

A  summary  of  the  results  are  riven  in  Tails  59  in  which  the  relative  first 
order  rates  at  7 52'F  are  compared  after  reduction  at  798 ®F,  and  in  arm 
instances  at  977"F.  Detailed  data  are  given  in  Tvble  130,  of  the  Appendix# 

The  V  and  K  oxide3  alone  on  the  support  were  reduced  only  silently  at  796 *T 
and  were  found  to  be  inactive  ic.f#  catalysts  lDc^CO-27  and  25,  respectively). 
The  2i  Pt,  V  supported  catalyst  had  a  slightly  higher  rate  than  the  c octroi 
catalyst  (k%  Pt/type  1  support  )  after  796 °F  reduction,  but  the  two  catalyst* 
had  about  the  same  rate  after  977 *T  reduction  (catalysts  10669-27A  and  25, 
runs  770  vs  807  and  809  vs  815,  respectively).  Metal  S  or  D  on  aetal  7 
or  Id* /true  1  eucoort  (reduced  at  798‘F)  had  rates  only  sltrh+ly  lever  than 
that  of  the  control  catalyst  (10860-27D  and  276,  runs  771*  and  775, 
respectively).  Metals  I  and  F  gave  a  catalyst  with  a  much  lower  rate.  The 
2*  Pt,  5.1*^  K  supported  catalyst  had  about  the  same  rate  as  the  control 
catalyst  (10860-26A  and  29,  runs  782  and  807,  respectively)  after  798 *F 
reduction  and  a  slightly  lower  rate  after  977®F  reduction.  Catalyst  10860-28H 
containing  metal  8  had  only  a  slightly  lower  rate  than  catalyst  2SA  afeer 
reduction  at  both  temperatures  (c.f.  runs  790  vs  910  and  762  vs  30*»). 

Catalyst  lc360-2d£  (2%  d,  J.t’i  K/type  1  support)  had  an  even  lower  rate  than 
the  control  catalyst  after  reduction  at  tne  lower  temperature.  Catalysts  28B 
and  28D  I  and  2^t  F,  respectively,  on  K/type  1  support)  gave  about 
cne-half  the  rate  of  the  control  catalyst  after  reduction  at  798“?  (c.f#  runs 
785  and  785,  respectively). 

Sunnarized  in  Table  60  are  data  reproduced  in  different  fora  freo 
Table  59  in  which  various  metals  were  -used  to  promote  activity  in  the  K/type 
1  supported  form.  Other  than  Pt,  only  metal  A  (and  possibly  metal  B)  showed 
sufficient  activity  to  be  of  interest-  Both  metals  are  presently  less  abundant 
and  more  expensive  than  platinum. 

A  further  drawback  of  promotion  by  metal  A  alone  was  formation  of 
benzene  with  sene  observed  exothermic  effects  on  testing  at  MCH  conversions 
over  ca  Oof,  under  the  usual  screening  conditions.  Catalysts  were  prepared 
over  a  range  of  compositions  of  supported  A  *  K  in  an  attempt  to  optimize 
activity  and  selectivity  for  toluene  at  high  conversions.  Supported  A  in 
various  amounts  and  separately  K  in  various  amounts  were  tested  and  the 
results  are  sunnarized  in  Table  6l.  and  detailed  in  Appendix  T«bl;  13c.  The 
latter  were  incompletely  reduced  and  cetalytically  inactive  over  tne*  range 
1»1  to  I05I  K/support# 

Supported  metal  A  itself  is  active  at  as  low  s  1%  concentration 
and  increases  in  activity  at  no  further  activity  re.  alts  at  kf  metal  A 
concentration  (at  LHSV  100 ).  At  LHSV  50  only  the  2%  A  catalyst  shows  a 
further  activity  increase.  At  hirher  conversions  selectivity  is  poor, 
particularly  with  higher  metal  content#  The  best  activity  and  selectivity 
with  bimetallic  catalysts  occurs  in  the  region  of  2%  A  and  5.6-lOf  K  type  1 
support#  In  most  cases  LHSV  50  was  used  to  force  the  total  conversion  to  the 
region  of  100^.  Higiier  metal  A  concentration  (i.e.,  L<)  tended  to  worsen 
selectivity  without  Improving  activity.  In  vlev  01  less  favorable  effect  of 
aetal  K  00  selectivity  in  the  thin  coated  tube  experiments,  described  in  the 


-125- 


•  • 


•  • 


AF/.-M.-TR-47-1I4 
P«rt  111 
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14,3?, 33  i  0,0,0  J*, 32,34  0,0,0  *5,84,82 

37,31,25  1  0,0,0  '  55,54,52 i  0,0,0  77,75.71 

2,1,0  !  11,77,77 !  11,7,1  *2,81,32 

0,0,0  1  48,47,4*  0,0,0  74,71,72 

0,0,0  111,15,15'  0,0,0' 2«,30, » 


50, 45, a! 
7*,  75, 75  I 
8,3,4 
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6.0 
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74,23,24 

so 
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in 
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so 
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25,75,78 
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32,30,30 

100  77,77,75  0,3,0  '  50,51,50  0,0,0  *7,7*,7*  i 
00  77,75,37  0,0.0  1  57,55,5*.  0,0,0  .  84,85,83  ' 


»  24,18,20  0,0,0  !  44,43,40  '  0,0,0  11,80,5*1 

00  77,32,31  0,0,0  .  52,57,51;  20,0,0  *7. 7C, 7 1  | 

50  34,32,27  0,0,0  1  75,71,77,35,75.10' 80,70,82  ! 

00  30,31,30  0,0,0!  S3, 55,55-21, 17,71  ,  5i, 75,75 

50  47,47,43  3*, 7*, 7  57, 58,52! 48,41,47  47,48,47  j 


0,0  0,0| 
0,0,0  <«,4*,4s; 
0,0,0  71,11, is! 
0,0,0  52,50,51! 
0,0,0  71,78,7*1 
0,0,0  50,47,47! 
0,0,0  80,5c, 5* 
1,2,3  84,11,11 
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0,0,0  70,70,81 
3,3,3,  12,32,13 
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7,1,4 '  31.32,14 
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0,0,8;  *3,83,0 
0  3,7,7 

0,0,*‘  71,77,75 
0,0,0  31,34,® 
0.0,0  ,  54,52,50 
0,0,0  82,80,® 
0,0,0|  *4,15,12 
2,2,1 ;  ¥, 35. t( 
0,0,0  87,0,11 
0,0,0)  50,45,42 


•  •  •  •  •  •  •  •  # 


AfAFl  -TH-47-U4 
Ff*  III 


♦ 


rext  section,  it  ippttn  that  its  a*in  function  aay  be  to  Influence  teccndary 
reactions  whose  rates  are  governed  by  diffusion  ysncafn*.  Ft  51  portrays 
the  selectivity  isprcveaent  resulting  fr:»  ths  inclusion  of  }.t4  <  Into  • 
tjpe  1  supported  2 i  A  catalyst.  The  data  war*  obtained  %«  a  func t I  ~r.  of  tine 
ir.  th*  KI2TR  test  at  &»2'F.  While  the  blaetalli-  catalyst  gi.es  high  and 
unifcrn  selectivity  ever  the  11  -cir.ute  period,  t he  scnonetallic  catalyst 
gives  at  first  poor  selectivity  which  linearly  Larprcves  with  tiae. 

Prasotion  with  different  aetals  of  aetal  X/type  1  support  (itself 
inactive  when  reduced)  gave  about  the  sane  relative  activities  with  >C H  ae 
their  counterparts  on  aetal  K/type  1  support,  obtained  previously  ( 10660-52 
series  vs  27,  29  and  29  series'.  The  aetal  X/type  1  support  had  b**r.  suffled 
at  9J2*F  before  being  praacted.  The  highest  activities  were  obtained  with 
the  Pt  praacted  catalyst,  with  ,uetai3  A  and  3  giving  le33  activity,  all  being 
about  ae  active  as  the  reference  catalyst.  (1C660-J2A,  G  and  H  v3  >i'’*-i;9» 
Table  132  of  the  Appendix) 

The  effect  of  aruf fling  at  lufVF  in  air  has  been  to  reduce  ccnsii- 
erably  the  activity  of  various  X  aetal  prcocted/t ype  1  support  catalysts 
(6}E~i,  Runs  892-695 )•  hid’fling  at  1J6**F  in  air  deactivated  to  a  snail 
extent  Pt  praacted  aetal  K/type  1  support  (10660-65F,  Run  905).  V!uf  fling  at 
1292*F  in  air,  however,  had  little  effect  on  it  cr  aetal  B  praaoted  aetal 
K/type  1  support  (10660-62A  and  62C,  Runs  997  and  898,  resp;  Table  152  of  the 
Appendix ). 

fteither  aetals  V  cr  K  alone  cr.  type  1  support  were  activated  by 
crof fling  at  1J61**?  in  air,  befer*  reducing  (10860-659  and  650,  Runs  900  and 
9C1,  resp.).  The  controls  report#!  earlier  were  likewise  inactive  aftur 
reduction. 

Further  study  wes  aadc  of  the  possibilities  of  improving  catalytic 
activity  by  adding  various  active  swtals  to  K  praaoted  type  1  support 
(heteropcly  acids  were  used  as  the  source  of  X).  Variations  heve  been  intro¬ 
duced  by  only  drying  the  prersoted  support  before  impregnation  with  each  second 
natal  (I),  and  then  nuf fling  part  of  each  catalyst  in  air  at  1118’F  (II).  A 
second  group  consisted  of  suf fling  the  K  praaoted  support  at  111*8  *F  in  air 
before  impre«*nation  with  each  second  aetal  (III),  and  then  sniffling  part  of 
each  catalyst  in  air  at  lll*8*F  (IV).  These  variations  were  done  to  change 
the  binding  strength  of  aetal  X  to  tbs  support  surface,  change  ihe  extent  cf 
alloying  of  each  pair  of  aetals  and  their  degree  of  dispersions  on  the  support 
surfaces.  The  reaction  rates  at  75 2*F  with  MCH  in  the  MICTE  aade  by  these 
variations  are  shewn  in  Table  62,  and  the  details  in  Table  139  of  the  Appendix. 
The  beet  results  with  the  Pt,  K/type  support  were  obtained  with  variations  I 
end  III;  also  for  the  aetals  A  and  K/tyj*  1  support.  The  four  variations 
aade  the  difference  with  the  aetals  B  and  K/typs  1  support.  Variation  III 
was  best  vith  the  aetals  D  and  X/type  1  support.  The  aetals  E  and  K/typs  1 
support  was  inactive  with  all  variations,  as  was  ths  astal  K/typs  1  support 
alone  with  all  variation.  The  better  catalysts  were  ccttpareble  in  activity 
to  the  better  Rt/type  1  support. 

A  nunber  of  aono-  and  Mas  tallies  on  typs  support  shewed  saae 
promise  but  all  these  had  MCH  dehydrogenation  rates  such  lower  than  ths 
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reference  ■'atalyst.  Csn*  cf  u»n  (10G60-‘.!A'  whith  sppeared  to  have  m 
promise  could  out  be  re  prod -tcsi  by  subsequent  similar  prsparsti -na,  and  m 
abends ned.  Th*  result*  with  these  catalyst*  tr»  rasterised  In  Tstls 

In  T*H»  6*  are  shewn  \h*  relative  rate#  cf  iehylru' germ*,  ion  of  .*CH 
at  T52*?  of  platinised  catalysts  containing  verijus  setala  a ttsched  by  o# t i  m 
ci sharer*  to  a  type  10  support.  Two  temperature#  cf  reduction  ear#  acplrral 
since  the  o changed  eat!  sis  arc  not  saaily  reduced.  Catalyst  10860-5  cer.- 
talnirg  *i  Ft  hea  been  used  u  a  control  catalyst;  the  beet  results  being 
obtained  vith  eetala  f  and  R.  After  9T7*7  reduction,  only  metals  0,T,R,  »ad 
S  shewed  higher  rates;  P  (are  about  the  saa*  rate  and  Q  a  large  decline  in 
rate. 


Generally,  of  the  granular  catalysts  studied,  Ft/type  1  rap port 
has  been  the  most  satisfac’ory  all-around  system  for  MCH  dehydrogenation  in 
the  MICTR.  This  type  of  catalyst  has  perfonaed  best,  particularly  wren  Ufa 
and  etability  are  considered  in  the  bench  scale  testa,  not  only  with  >CH  *ut 
vith  other  candidate  fuels.  Several  biastallic  systems  have  corpetitive 
activity  in  th#  MICTR  but  are  less  stable  in  the  bench  scale  tests.  The  aoet 
competitive  single  aetal  (A)  tends  to  fora  ty-produc**  at  high  conversion, 
saw  of  which  result  fro*  exothermic  reactions.  Although  this  tendency  can 
be  eliminated  by  addition  of  aetal  K,  tha  catalyst a  arc  less  stable  than 
Pt/typa  1  support  in  the  bench  acale  teat.  Very  few  supported  biaetalllce  of 
the  aany  ccablnatione  screened  in  the  KICTR  vith  MCH  were  sufficiently  active 
to  be  of  Interest.  Type  1  supports,  the  variety  of  which  available  are 
legion,  have  proven  to  be  the  nest  satisfactory  cf  the  aany  diverse  types  cf 
supports  evaluated.  Such  supports,  of  suitable  physical  characteristics  and 
coablnatlona,  are  the  principle  ingredients  cf  aetal  coating  foraulation  I 
which  serve  as  a  support  for  platinua. 

At  the  very  high  space  velocities  (wsll  in  excess  of  100)  required 
to  obtain  attractive  heat  fluxes,  aany  satals  and  nexal  combinations  on 
support*  are  inactive  that  are  known  to  have  reasonable  dehydrogenation 
activity  and  selectivity  at  tha  much  lever  space  velocities  ( l.e. ,  1-2), 
which  is  generally  used  in  reflwries  to  increase  the  octane  mxaber  of  gaso¬ 
line  components  by  dehydrogenation  and  ether  types  of  reactions.  In  the 
latter  case,  acidity  is  al*o  Incorporated  Into  the  catalysts  to  promote  acid 
oatalyced  reactions  the  products  of  which  also  Increase  octane  nuaber  of  the 
final  gasoline. 

Coated  Metal  Strics 

Study  continued  cf  candidate  rapport  coatings  for  aetal  surfaces. 
These  were  coated  onto  id  Id  steel  strips  that  had  btan  sandblasted,  degreased, 
coated  with  a  thin  (-1  ail)  of  type  18  binder  and  muffled  at  ca  T5 2*F. 

Coating  thickneese*  usually  ware  from  to  3  to  8  alls,  and  aaplacad  as  hydrous 
formula  tiers,  dried  at  2k 8*T,  and  muffled  at  T52*F.  Tabla  65  describee  tha 
aetal  adherenoe  and  hardness,  and  th*  fCH  dehydrogenation  rates  of  th* 
catalysts,  using  the  correspond!^  formulation  as  s  support.  All  of  these 
catalysts  war*  sore  active  than  the  reference  catalyst-  Among  raver  forma¬ 
tions  good  adherence  and  hardness  was  achieved  with  fibrous  type  1  suppert- 
partlculat*  type  7  support  with  type  6  binder  (10290-195  series),  and  fibrous 
type  1  support-particulate  type  12  support  with  type  6  binder  (10280-196 
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T>bU  65.  Mttgni  HOB  DPOTSOaDttTIOW  KAK3 
WITH  MONO.  AJC  BIKTAJXIC8  OK  HTO  1  SOPPOt? 

Conditions:  Sam  u  for  Tsbls  62 


Catalyst 

No. 

Composition,  $ 

tun 

No. 

(752 V) 

Reduced 
at  T90*F 

Mstal  (1) 

Hotel  (2) 

907V-139 

1  Pt 

0 

m 

1.00 

1O20O.192B 

2  r 

6  0 

690 

0.58 

ioe0a.i9jA 

2  n 

2  V 

698 

0.79 

10280.1938 

5  F 

2  V 

699 

0.58 

10280.193c 

2  0 

2  V 

TOO 

0.*3 

10060-OA 

5  0 

2  Xb> 

732 

0.79 

IOC6O-8B 

5  0 

0 

733 

O.65 

10060-1QA 

fc  t 

0 

7V2 

0.6J«) 

1O06O-26A 

2  n 

2  t 

76A 

0.80 

» /  *  W  MM  iiWiC  wr»t  ITJAl 

b)  «x  sttylsnt  dlssda*  complex. 

•  )  Two  additional  preparations  o €  this 
opposition  wsrs  inactive. 
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RXU1IVI  MOt  HHTDROGPWTICW  RATC  WITH  H  ON  WMU0D8  tO» 
PCHAJ «3X>  SUPPORTS.  RPUCO  AT  732  0*  9T7*F 

Conditions:  LHSY  100,  lo  ata  preaeure,  no  tlted  hydrotan 
0.9  al  10*20  mb  catalysts  diluted  with 
quarts  to  2.0  al,  tsaperature  TV’P 


Catalyst 

No. 

Cospositlaa 

-  --  _ 

Run 

No. 

kcAe** 

1  keAe*) 
(752*f) 
iedueed 
at  977 'f  ! 

i  8 

1ST 

Vf>c  f/ 

fUduc«d 

St  796 *f 

No. 

10660*3 

4 

(control) 

723 

1-03  j  - 

IOC60-196A 

4 

? 

711 

1.27 

721 

1.04 

10860*1994 

4 

Q 

712 

1.04 

715 

0.66 

10860-1998 

4 

0 

n> 

1.11 

715,  722 

1.17,  1.09 

10800- 199C 

4 

t 

716 

1.16 

717 

1.16 

10800- 1990 

4 

* 

723,  737 

1.26,  1.26 

724 

1.06 

10660-34 

4 

s  ;  723 

1.11 

_ _ _ 

72T 

1.15  i 

lining  allall  aetal  loo*  exchanged  as  coaplataly  as  poselbls  wltb 
otbsr  loos.  Displaced  ions  then  eaeheU  out. 
b)  k«  •  first  order  rats  eoostant  of  experlaental  catalyst. 

its  *  first  order  rats  constant  of  reference  catalyst  (9674-139). 
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aeries).  Although  lending  to  excellent  c*taly3t*  (10360-21  serlea ),  « 
modification  of  the  older  Formulation  I  gave  poorer  setal  adhesion.  Thi* 
modification  was  the  ball-milling  together  of  the  particulate  and  fibrous 
type  1  support*  before  verting  the*  up  Ln  *  mortar  vtth  the  hyd-oua  binder, 
rather  than  using  "a*  received*  fibrous  and  ball-milled  particulate  type  1 
euppe-rtf ,  which  led  to  good  metal  adherence  in  the  past. 

The  early  Formulation  I  technique  hae  been  reexmslned  with  the 
object  at  Baking  tidrsner  coating*  than  formerly.  One  euch  coating  vas  made 
with  good  adherenoe  and  vas  fairly  hard  with  a  thickness  of  5  all*,  of  which 
the  binder  was  about  1  all  thick.  Other  satisfactory  coatings  were  aade  with 
thicknesses  of  V-5  ails,  and  7-6  ails. 


Various  coating  experiments  have  been  carried  out  on  flat  did  or 
stainless  stripe  (c.f.  To*  lea  66  and  67)*  Much  uf  the  study  has  employed 
sandblasted  stalnlese  (jok)  surfaces  although  saae  of  the  later  data  were 
obtained  on  aaooth  but  slightly  roughened  surfaces.  Thinner  f  11m  here  been 
need  generally,  than  previously  and  thus  there  has  been  leas  tendency  to  strip 
off  an  theraal  flexing  of  aetal  surfaces  aade  concert  by  shearing.  Also 
furtlwr  experience  Indicates  that  there  Is  not  such  advantage  In  an  unlrrcoat 
btnWr  euch  as  No.  18  which  was  used  formerly.  This  undercoat  (ca  1  all 
thick)  could  be  of  concern  In  a  tube  catalytlcally  coated  with  a  thin  film, 
since  theraal  migration  of  alkali  lens  to  the  catalytic  coating  could  gradually 
cause  local  aine  rail  cation,  and  possibly  phase  changes,  with  consequent  loss 
of  activity..  The  undercoat  does  not  seen  to  be  too  necessary  Ln  successfully 
lining  tubee,  although  It  has  been  used  up  to  tube  27  (1/k*  tubes  only). 
Generally,  better  adhesion  has  been  obtained  with  a  sand-bleated  rather  than 
a  relatively  Mooth  flat  surface.  Also  it  Bakes  little  difference  with 
stainless  surfaces  whether  the  final  calcination  is  cade  ln  an  air  or  hydrogen 
atmosphere  since  It  Is  less  subject  to  surface  caide  formation  than  mild  steel. 


Additional  Type  I  foraulatlons  have  been  prepared  using  various 
ax  pensive  particulate  supports  (types  1,5,6,  and  7)  from  a  different  supply 
scarce  than  the  corresponding  cheaper  counterparts  studied  previously  (c.f. 
last  section  of  Table  67).  In  this  series  f emulations  with  types  5  and  7 
appeared  to  give  the  aost  satisfactory  astal  coatings.  The  support  materials 
of  typss  1,5,6,  and  7,  of  very  snail  primary  particle  else,  were  separately 
■ads  Into  partes  by  sizing  with  platliwa  tetrsaedne  hydroxide  solution.  Thin 
film  of  thee*  pastes  were  aneared  on  sandblasted  stainless  steel  strips  and 
dried.  AH  checked  and  flaked  off,  except  the  support  7  preparation.  This 
shewed  same  adhesion  but  checked.  The  latter  results  are  not  listed  ln 
Table  67.  All  of  these  latter  preparations  when  dried  In  thick  layers  were 
mechanically  atrong.  After  reduction  In  hydrogen  their  catalytic  performance 
was  determined  which  Is  described  in  the  next  section. 


Generally,  after  752-952 *F  nuffling  In  air  (or  752*7  reduction  ln 
8a)  most  type  I  formulation  coating  aatarlals  adhere  fa.'  rly  well  to  sand¬ 
blasted  stainless  steal  surfaces  (50k).  However,  stranger  adherence  to  mooth 
stainless  surfaces  la  desirable;  self -stripping  ecantlMS  oocurs  eves  oo 
preliminary  air  drying.  Earlier  it  vas  shewn  with  a  roughened  mild  steel 
surface  that  adherenca  was  Improved  by  first  applying  and  muffling  a  thin  film 
of  type  IB  Mndsr,  although  this  was  without  effect  cs  ooating  bonding  os 
;  ,  stainless  surfaces.  Further  efforts  were  directed  atlnly  towards  laproving 
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coating  adherenoe  particularly  to  stainless  steel.  The  results  art  iurtarioed 
in  Table  66  which  also  lists  tie  rmterc  cf  platinised  granular  eatalyete 
made  fras  the  saae  coating  material. 

(1)  Type  1,  7  and  5  y  vders  were  found  to  adhere  together  when 
nixed  with  platinum  tetramine  di:;ydrcxide  sclutim,  and  on  reduction  lead  to 
art<ve  catalysts  (10660->4a,  3  and  C,  Table  66 ).  These  powders  were  of  a 
different  origin  than  the  corresponding  ones  reported  on  earlier.  The  wet 
mate-ial  formulations  had  excellent  aetal  application  propertiea  bait  aelf 
sf.- ipped  in  the  caoe3  of  1086O-54A  and  C,  although  adherence  was  fair  with 
5*3. 

(2)  An  epcacy  binder  "arb-nlsed  (in  H-)  as  an  undercoat  led  to  a 
soft,  poorly  adhering  coating  with  nc  tin  ling  ability  for  Formulation  I 
coating  or  type  1  support  (IG660-56  and  rC  series). 

(3)  A  metal  salt  (21)  which  decomposed  to  type  1  support  was 
found  to  hare  poor  adhesion  itself  (IO86O-66A  and  6?A)  or  for  type  1  support 
(10660-66B).  This  alkaline  salt  reacted  with  mn -catalytic  metal  15 
(10860-66C)  to  give  a  «/pe  1  support  which,  after  neutralization  and  drying, 
adhered  fairly  well  to  sand  blasted  stainless  steel.  However,  this  repre¬ 
sented  no  improvement  ever  earlier  Formulation  I  coatings.  Use  of  a  compound 
(2j)  to  aid  in  alkali  removal  from  muffled  end  product  did  net  improve  aetal 
adherence.  Another  aetal  salt  (22)  which  could  be  decomposed  thermally  to 
type  1  support  decomposed  on  25S  °F  heating  on  did  steel  but  not  stainless 
steel  surface.  The  latter  on  high  temperature  decomposition  cracked  and 
lifted  off  the  metal  surface  (not  shewn  in  Table  68). 

(4)  Several  additional  undercoating  materials  were  tried  (25,  26, 
27)  and  after  muffling  in  air  one  of  these  appeared  to  improve  the  binding  of 
Formulation  I  coating  to  sand -blasting  stainless  steel  (26,  10660-753).  One 
of  these  gave  about  the  same  adherence  as  the  control  (750)  and  the  other 
gave  poorer  results  (75A).  On  smooth  stainless  steel,  an  undercoat  with 
compound  27  gave  the  best  surface  for  adherence  of  Formulation  I,  26  the  next 
beat  and  25  by  far  the  poorest;  even  poorer  than  the  control. 

(5)  The  effect  of  component  ratio  of  Formulation  I  on  adherence 
was  studied,  without  use  of  undercoat.  The  1*5:45:10  ratio  gave  fair  adhesion 
vith  both  smooth  and  sand-blasted  stainless  steel  (1086o-?8a).  The  40:40:20 
ratio  gave  fair  adhesion  vith  the  sand-blasted  metal  but  not  with  the  smooth 
surface  (1D660-73B).  The  35:55:50  ratio  gave  poor  results  vith  both  surfaces 
(IO660-7CC).  Coating  hardness  increased  in  the  order  7&A<83<76C 

(6)  The  35:55:50  ratio  Formulation  I,  pre treatment  of  sand-blasted 
and  smooth  stainless  steel  surfaces  vith  1  M  HC1  at  135*F  did  not  Improve 
adhesion  (10660-79-1  and  2).  Similar  results  were  obtained  earlier  with  hot 
nitric  acid  passivated  stainless  surfaces.  Poor  adhesion  resulted  from  a  hot 
HC1  treatment  of  smooth  mild  steel  surface  (10860-79-3  and  4,  untreated 
control  surface). 

(7)  Prior  pickling  in  4  M  BC1  at  lB5*F  gave  poor  adherence  of  the 
55:35:50  ratio  formulation  coating  vith  smooth  stainless  steel  and  fair 
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adherence  with  mco\h  mild  steel  ( 1O0&3-0C-1  and  2,  reep.}.  The  V0:k0:20 
rvtio  coating  gave  evv n  poorer  adherence. 

(8)  'Jnpieklei  sand-blasted  stainless  steel  gave  fair  adheeicn  with 
the  40:40:20  ratio  Formulation  I  (oontrol,  10660-80-6). 

Another  technlqv  ■  has  been  used  to  lmyrove  tending  of  coating*  to 
atUl.  This  consist*  of  applying  *  thin  fll*  of  type  6  binder  to  *  coaling 
previously  bended  by  muffling  to  etalsless  steel.  The  ecatlng  is  then  rt<iri*4 
end  reauf fled.  Seas  improveuent  was  obteined  with  ea  overall  f omul* Men  554 
fibrous  type  1  support  554  particulate  type  5  eupport  -  >04  type  6  binder 
which,  however,  is  mechanically  softer  then  the  standard  Fcnsuieticn  I 
(10860-68A  end  90,  Table  69).  Excellent  adheslcn  bat  been  obtained  by  tr.ls 
technique  with  the  harder  Forarulativsi  I  et  cterell  type  6  binder  concen¬ 
trations  of  20  end  504  (10860-948  end  940  rs  94A,  Table  69).  TMa  technique 
will  probably  lead  to  improvement  of  adhesion  for  any  coating  material  which 
has  satisfactory  as  chan  1  cel  strength  end  cetelytic  ectirlty  when  suitable 
proaoted.  It  can  easily  be  applied  to  the  in*ide  wall*  of  metal  tub**,  or 
other  geometric  cca^f  lguraticna. 

A  new  type  1  support  of  fine  particulate  else  substitute*  Into 
Formulation  I  gives  about  the  same  general  properties  as  the  ease  Formulation 
using  the  standard  particulate  type  1  support,  in  general  use  (10860-107, 

1073,  Table  69). 

Naturally  occurring  fifcrou*  type  16  material*  have  been  evaluated 
as  substitutes  for  the  synthetic  type  1  support  which  has  given  good  result* 
in  Formulation  I.  Although  ample  supplies  cf  the  latter  material  are  esn 
hand  for  experimental  usage,  and  a  wealth  cf  tocvledg*  about  it*  manufacture, 
uee.i,  and  properties  is  available  in  various  publication*,  it  is  no  longer  in 
production.  Two  of  the  materials  tested  appear  to  give  coatings  cf  promising 
mechanical  properties.  Further  improvements  will  probably  result  from  type  6 
binder  overcoating,  as  Just  descz  oed  (10660-1098,  110A,  HOB,  and  lllA, 

Table  TO). 

In  Tables  65  and  70  are  given  the  relative  dehydrogenation  rates 
for  MCH  at  T52‘F  for  10-20  n*  ah  catalyst  counterparts  cf  most  of  the  coating 
materials  studied  for  mechanical  properties.  Almost  all  of  thsm  are  as 
active  as  'reference  catalyst  and  most  are  much  more  active  and  ccmpar*  very 
favorably  ith  the  best  granular  catalyst*  made  from  various  conventions! 
•olid  supports,  i.*.,  catalyst*  10280-1952,  10860-55A,  553,  55C,  813,  8lC, 

81D,  832,  eiF,  96B,  96A. 

Coated  Metal  Tubes 

A  fCCTR  test  was  psrformed  in  which  empty  tube  No.  15  was  packed 
with  steel  wool  sc  a*  to  create  better  mixing  and  testad  at  the  usual  pusp 
rat*  (90  ml  MCH/hA).  Thin  correspond*  to  LHSV  100  when  used  with  the  usual 
quarts  diluted  granular  catalyst  packing.  The  activity  at  752*F  was 
lstsraedUta  between  that  of  the  mm  tube  packed  with  quarts  and  that  of  the 
saae  tub*  without  quarts  packing  (c.f.  runs  697  vm  696  and  695,  Table  71). 

The  pressure  drop  far  the  highly  active  quarts  packed  tuba  No.  16  was  only  22 
lb  sq.  In.  (c.f.  run  730,  Table  71). 
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The  data  shown  In  Table  71  indicate  that  with  the  coated  1/k*  inch 
tub#  series  20,  16,  15  and  IT  (quart*  packed)  mularjm  !«  hydrogen*  ti:*>  activity 
Ter  ?CH  at  T52*F  1*  reached  at  5-94  Pt  leading  (tmaed  on  support  coating,. 

Tb,us  the  aJditivail  Pt  present  In  Tubes  15  and  IT  added  little  nr  nctr.ir^f  to 
the  activity.  Tab*  27  In  which  the  f ibreus  and  pe.*ti rulate  type  I  supports 
were  bell-allied  together  to  obtain  better  adhesisi  of  ForBulaticn  I  coating 
had  the  same  Pt  content  and  activity  as  Tube  16. 

AT  ter  standing  id  la  for  teas  t  lat  o  os  tad  tuba  16  was  rata  a  tad  in  tha 
Kicm  and  was  slightly  lass  setive  than  fcnaerly  in  run  !')•  It  was  than 
pecssd  in  tha  normal  catalyst  tone  with  tha  'usual  quarts  diluted  reference 
catalyst,  and  the  reaaindar  of  tha  tuba  vs  3  fillad  with  quarts.  Tha  apparent 
conversion  increased  only  about  5  units  st  constant  MCH  flowrate.  Tha  coated 
tuba  was  emptied,  heatei  in  air  to  952*F  to  bum  out  any  coke  present, 
repack*!  with  quarts  and  retested  -  it  care  very  rearly  tha  same  activity 
as  in  tha  above  test  (c.f.  runs  10k7,  10k<y,  and  105k,  respectively,  in 
Appendix  Table  153).  In  view  of  tha  kinetic  considerations  advanced  in  the 
next  section,  it  seems  likely  that  although  tha  wall  catalyst  can  reoeiva 
heat  rapidly  enough  to  aa  in  tain  tha  endothermic  reaction  and  thus  operate 
efficiently  close  to  block  teapereture,  its  Insulating  property  probably 
increases  the  usual  difficulty  of  transporting  heat  to  the  center  of  the 
granular  catalyst  bad  which  is  auch  lass  efficient  par  unit  weight  of  catalyst, 
because  of  tha  such  lower  operating  temperature. 

Tuba  2k,  coated  with  Foraulatlcn  I  and  impregnated  with  metal  A 
alone  (Rue  819)  vaa  vary  active  and  formed  only  a  little  benzene  by-product 
at  virtually  complete  conversion  of  MCH  to  toluene.  Tubes  25  and  26  coated 
with  metal  A  and  each  with  a  different  amount  of  natal  K  were  equally  active 
and  formed  a  little  leas  benzene  at  complete  MCH  conversion  (Runs  817  and  8l8, 
respectively,  Table  71).  Small  differences  in  activity  are  attributable  to 
differences  in  tha  ratioa  of  matals  A  and  K  (of  X  salt).  Tha  selectivity 
advantage  of  adding  metal  X  la  much  lees  than  with  tha  corresponding  granular 
catalysts  where  diffusivity  is  probably  an  important  factor  in  controlling 
rates  of  side  reactions,  relative  to  tha  principal  reaction  (MCH  dehydro¬ 
genation  to  toluene).  Tne  results  compare  favorably  with  .hose  obtained  with 
similar  tubee  with  a  platinised  coating  (l.e.,  Rua  75k,  Appendix  Table  150). 

Tubes  22  and  25  In  which  Foraulatlcn  I  coating  was  impregnated  with 
two  different  amounts  of  natal  B  (ca  5  and  64)  were  reasonably  active  tut 
loet  toluene  selectivity  above  60-704  conversion  to  toluene  at  T52*F,  and 
war*  therefore  less  attractive  than  their  platinized  counterparts.  Tube  Id 
Impregnated  with  metal  I  was  such  less  active  and  showed  little  increase  of 
activity  as  the  temperature  was  raised  frem  752  to  8 k2*F  (c.f.  Table  71). 

Wall  Catalysts:  Analysis  of  MICTR  Operation*) 

A  brief  study  has  been  made  of  the  pceslble  nooklnetlc  effects 
which  may  be  reflected  In  the  experimental  results  obtained  using  the  mioro- 
ecale  test  rig,  MICTR.  The  normal  use  of  tnls  reactor  le  to  evaluate  catalyst 

a)  This  analysis  was  done  end  the  report  prepared  by  Dr.  R.  V.  Hoiks,  as  "* 
part  of  a  training  program  assignment. 
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materials  by  measuring  tie  "or.verslon  of  me thy  1  eye  1  hex xr#  (MC't)  bo  toluene 
i*.  t hree  flit!  tempera ture  lew  la ,  vl th  «  fixed  fl  v  rote  of  MCH,  and  using 
a  catalyst  support  -f  fixed  pcroalty  end  particle  six#.  'Jnrier  these 
conditions  It  Is  appr-'prlata  to  ooespare  catalysts  on  the  basis  f  !C'*<  vr Tar¬ 
si  cri  at  tha  this*  tanperet-.jre  lava  la.  DLf  fusl  n  end  !*at  transfer  limitations, 
if  they  ere  present,  wuld  band  to  reduce  cor. rars lor. a  In  all  cases  ir<! 
therefore  would  -bare  no  effact  on  the  rasults  of  U»n  screening  ex  p*rl»?nta 
as  far  as  ranking  catalysts  according  to  their  activities.  The  effect  of 
these  limitations  increases  with  the  activity  cf  the  catalyst,  however,  and 
this  will  tend  to  obscure  sues  of  ths  gains  offered  by  a  aore  active  catalyst. 

It  is  in  evaluating  different  modes  of  operation  with  a  given 
catalyst  that  one  must  worry  about  ths  ncrJt Inetlc  effects  mentioned  above. 

Ons  would  not  expect  to  get  the  suae  perfornar.ee  f.~ja  a  'abalyst  which  i3 
coated  on  the  reactor  well  as  a  thin  film  ccnpared  to  the  same  amount  of 
catalyst  in  ths  fora  of  spherical  packing,  unless  the  rate  of  reaction  is 
entirely  controlled  by  chemical  kinetics.  Some  recent  experimental  results 
indlcata  that  diffusive  effects,  and  possibly  also  heat  transfer  effects,  are 
important  under  normal  KIOTO  operating  conditions.  'Jse  of  the  standard 
platinum  catalyst  in  a  coated  vail  reactor  showed  a  substantial  increase  in 
apprjspjt  Catalyst  activity  compare  to  the  catalyst  in  the  form  of 
1/16“ *u.- 1/52- in.  particles.  Another  experiment  showed  that  a  screened 
sample  of  10-lk  mesh  catalyst  particles  exhibited  lower  activity  than  a  sample 
screened  for  lk-20  mesh  particles.  This  again  indicates  diffusive  effects  in 
the  measured  reaction  rata.  That  diffusive  effects  would  be  predicted  for 
this  reaction  on  10-20  mesh  catalyst  will  be  shewn  in  the  following  paragraphs. 
Ways  to  increase  the  apparent  catalyst  activity  will  also  be  discussed. 

In  order  to  test  vhether  or  not  a  reaction  will  be  diffusion  con¬ 
trolled  it  has  been  found  that  ths  magnitude  of  the  following  group  (tha 
Thiele  Modulus,  9}  is  important: 

«  "iSi  _i  ll'--  W 

**  &CQ  Dt. 

Where  dH/dt  •  rata  of  reaction  at  concentration  Co[«]  moles /ft^hr 

C0  *  exterior  oonc  of  reactant  [•Jmolsa/ft3 

L  >  characteristic  length,  thickness  of  a  film  or  radius  of 
spherical  particles  [»]  ft 

Dg  •  effective  diffueivity  of  reactant  inside  partiola  [»)  ft2 /hr 

Tha  else  of  this  group  will  ha  a  measure  of  the  relative  rates  of 
reaction  and  diffusion  of  reactant  within  the  catalyst  particle.  If  the  group 
is  larger  than  a  critical  value,  the  reaction  rata  will  drop  because  all  of 
tha  catalyst  turfaoe  will  not  be  equally  accessible  to  reactant*  This  critical 
value  will  depend  on  the  order  of  the  reaction  slnot  the  rate  becomes  aore 
sensitive  to  concentration  as  ordsr  Increases. 
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Tim  rate  of  HCH  dehydrogenation  t*  (Jwd  by1*'  ) 
dt  i  ♦  [  V^CH  <•<;  /  J 


where  l<r°  **925°0/3e?S 

Because  of  the  large  value  of  om  find*  t hat 

1  -  *  1  axeapt  for  «xtra»ly  high  pressures 

or  conversion*  such  la  nc«ii  of  90^*  Velum#  of  other  coefficients  la  the 
rat*  expression  are: 


Ai A*  <•  3*38  x  10s 

B*  ♦  Ba  •  -5000 

A*  -  4.5  x  10** 

Ba  -  5*4  X  103 


Using  these  coefficients  one  calculates  the  following  represent¬ 
ative  reaction  rates  »t  642  end  650‘F,  the  high  end  low  temperatures  of 
aoet  IUCTR  experiments. 


Temp, 

*F 

Mole 

Fract., 

?CH 

2 

0»CH, 

lb  aoleo/ft* 

Rate  uX/dt, 
lb  solas/ 
hr  ft3  cat. 

842 

1.0 

.95 

.01107 

343.11 

842 

0.2 

1.0 

.002104 

92.75 

650 

1.0 

.91 

.01356 

17.44 

650 

.2 

.99 

.002493 

34.9? 

MCH  concentration  urns  based  on  the  ideal  gas  equation  of  state,  1.#., 

__  m  (aole  fraction  >CH)P*otal 
^CH  *  &g  ~g  i 


Ptotal  *  10  ataospheres  in  all  runs 

Rg  -  .73  ft3ata/(lt  nols  *F) 

Physical  properties  of  the  MCH,  Toluene,  Hydrogen  six  lures  were 
obtained  from  the  Appendix  of  the  October,  1967  annual  report1*'  starting  on 
page  521.  These  properties  include  the  eompresslbllity,  Z. 

Tram  the  abort  table  we  see  that  the  reaction  rate  is  extremely 
temperature  sensitive  and  that  the  rate  Is  definitely  not  aero  order.  The 
concentration  dependence  is  such  greater  at  the  higher  temperature  and  ie 
roughly  3/4  order  at  842*F. 
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Satterf  iv  1,1  and  Sharvood21 )  (p.  61)  presant  %  plot  of  the 
effect!  tens  sa  factor,  fj,  as  e  function  of  the  Thiele  Modulus,  (dX/it  1/C0 
La/Dg)1'*,  taien  fr-.*  Uw  work  of  tfheeler.23'  Fro*  this  plot  (strictly  for 
diffusion  onto  a  flat  plate)  or*  finds  that  an  effectiveness  factor  greater 
than  .9  (904  of  catalyst  Is  accessible)  requires  a  Thiele  Modulus,  «,  leas 
than  the  following  values. 

*1,  i  —.V  for  second  order  reaction 

♦j,  <  -.7  tar  first  order  reaction 

9l  <  *1.6  far  aero  order  reaction 

Satterfield  and  Shervood21)  (pp.  16-25 )  also  present  an  equation 
for  eatinating  the  effective  dlffualvlty,  Djr ,  within  catalyst  particle*. 


Dg  *  19,V00  ^ 


ti 


idler*  for  our  alunira  catalyst  and  HCH  reactant: 

®  •  void  fraction  •  .55 
t  .  tortuosity  factor  *  8 
Sg  -  total  surface  area  ■  250  — •>  500  X*/g 
Op  •  ’’article  density  *  .52/0  g/ca3 
T  -  tecparatur*  -  72V  *K  (8V2*?) 

H  ■  Molecular  valght  «  96 

On*  find*  Djg  z  7*5  x  10 — o  V  x  10 *4  on2  sac  for  the  above  par—  tara. 

The  author*  also  praaant  a  plot  of  Ifc  ra  9^/5^-  T/H  fran  the  data 
of  Vain  and  Schwarts. 33 )  fran  this  plot  ve  astiast* 


Dg  -  6  x  ID"* 


V  x  10*°  c*7**c 


Prcn  the**  two  #  it  las  tee  we  shall  us*  Dg  ~  1  x  ID-3  ca^/see  as  an  order  of 
Magnitude  value.  This  bears  the  expected  relation  to  the  «s Heated 
D*lx  10-8  for  MCH  d  if  fusion  through  bulk  toluwne. 

The  sw  value  of  Dj  shall  be  used  In  calculating  9^  at  650*F  liras 
this  tenperature  change  oauass  only  an  insignificant  Of  change  In  Cg* 

Knowing  tbs  reaction  rate,  exterior  ooooentration,  and  a ff active 
diffuairity.  It  Is  possible  to  calculate  the  asxinas  catalyst  thickness  which 
vlll  result  In  an  affectivanass  factor  greater  than  .9,  i.s.,  9s  las-  th»« 
the  stxjva  lialta.  This  thickness  ia  calculated  to  bs: 
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Knle 


>mp. 

Tract., 

Mttirx*  Cetalyst  ThJ' 

sues*,  mils 

•r 

MCH 

0  Order 

1st  Order 

2nd  Order 

8^2 

1.0 

6.9 

3.1 

1.7 

8k2 

0.2 

5-7 

2.6 

l.A 

650 

1.0 

33 

15 

8.3 

650 

0.2 

15 

6.9 

3.8 

The  uncertainty  In  Dv  could  cause  changes  In  the  calculated  thickness  by  a 
factor  of  t«2<> 

The  standard  KICTR  catalyst  pallets  have  a  nominal  thickness  of 
1/32"  -  51  mils.  Therefore,  it  is  apparent  that  only  a  »ro  order  reaction 
at  lev  temperature  and  low  conversion  would  exhibit  true  kinetics.  In  all 
other  casea  reactions  are  severely  diffusion  limited.  The  above  table  also 
gives  an  idea  of  hew  thin  a  tube  veil  coating  must  be  before  diffusion 
effects  are  eliminated  completely.  It  must  be  remembered*  however,  that  the 
calculation  is  only  sji  approximate  one. 

Pram  this  it  would  seem  that  catalyst  activity  can  be  Increased  by 
reducing  the  diffusion  path  length,  i.e. ,  applying  the  catalyst  as  a  coating 
on  tha  reactor  tube  wall.  This,  however,  introduces  the  possibility  that  the 
reaction  rate  will  be  limited  by  mass  transfer  to  and  from  the  bulk  gas 
stream  flowing  past  tha  coated  wall.  Turbulent  flow  is  required  to  avoid 
this. 


IXw  to  the  snail  feed  ptBp  in  the  MICTR  apparatus  the  maxim  MCH 
flow  rate  is  90  el/hr.  Based  cn  physical  properties  previously  referred 
to,18'  this  corresponds  to  a  maximum  Reynolds  number  of  1*29  in  a  *17  Inch 
1.0.  reactor  tube.  This  is  far  below  the  critical  Reynolds  number  of  2 IDO 
where  turbulence  sets  in.  In  fact  it  Is  so  low  that  merely  adding  wall 
roughness  will  have  no  affect  on  mixing  in  the  flowing  stream.  Tube  diameter 
would  have  to  be  decreased  by  a  factor  of  3  to  Insure  turbulence  at  this 
fl ow  rate. 
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It  can  be  shown  from  mass  transfer  rate  correlations  that  at  this 
low  Reynolds  nmaber  one  expects  e  lever  rate  of  mass  transfer  to  the  tube  it 

walls  than  tha  rate  of  which  MCH  reacts  to  form  toluene.  Also  a  marked  j 

increase  in  MCH  conversion  has  been  observed  whan  the  uoetsd  reactor  tuba  is 
packed  with  10-20  mesh  quartz  particles.  This  increased  the  linear  velocity 
and  the  mixing  in  the  hulk  phase. 

It  is  still  quite  possible  that  the  mixing  is  incomplete  even  with 
quarts  packing.  It  was  found  that  decreasing  the  flcv  velocity  by  a  factor  ► 

of  two  through  the  standard  10-20  me ah  catalyst  packing  caused  a  decrease 
of  ~50£  in  tha  apparent  first  order  rate  constant  compared  to  the  max  ism  floe 
rate  available  from  the  pump.18)  Thus  it  1s  conceivable  that  increasing  the 
flow  velocity  would  increase  the  apparent  rate  constant  by  promoting  more 
rapid  ams*  transfer  with  the  bulk  phase.  A  higher  flow  rata,  mailer  tube 
diameter,  or  lever  void  volaae  packing  could  ba  used  in  an  attempt  to  obtain 
complete  bulk  phase  mixing.  Given  such  giving  and  a  thin  enough  catalyst  p 

ooatiag,  one  will  observe  the  maximal  MCH  conversion  for  &  given  weight  of 
catalyst. 
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Or*  sight  also  consider  packing  the  coated  reactor  tube  with 
granular  catalyst.  In  this  way  additional  catalyst  can  be  contacted  in  a 
firm  length  of  reactor  tube.  However,  in  this  case  beet  transfer  rate 
sight  Halt  the  reaction  rate  on  the  packing  catalyst.  Catalyst  coated  on 
the  tube  wall  can  rapidly  receive  heat  to  aa  in  tain  the  esiotheralc  reaction. 

Sam  isolated  (and  'unchecked)  data  indicates  that  this  nay  not  be 
true  for  particles  packed  inside  the  reactor  tube.  One  experlasnt  was  done 
in  th#  MICni  where  the  standard  weight  of  10-20  aeab  oe.tu.tyet,  was  dilated  to 
b  el  with  10-20  assh  quart*  particles  rather  than  to  i  el  ne  in  the  standard 
runs.  This  higher  dilution  experiment  indicated  an  apparent  first  order 
rate  constant  -Md  higher  than  the  standard  run.  Such  an  increase  seem*  as 
if  it  could  only  be  due  to  heat  transfer  lisd.te.tion  of  th*  reaction.  With 
the  higher  dilution  the  required  heat  is  Ursneferred  over  larger  area. 
Measured  temperature  drops  for  the  MI  CTO  may  not  give  an  appropriate  indi¬ 
cation  of  the  werl  outness  of  this  heat  tren.s.sr  limitation. 

In  every,  such  care  Bust  be  taken  in  interpretating  the  result* 
of  any  kinetic  experiment  in  order  to  acooust  for  nonkinetlo  effect*  in  the 
measured  rates.  It  would  apptar  timt  the  coated  tube  MI  CTO  configuration 
will  result  in  the  highest  possible  specific  rates  provided  that  the  ooatlng 
is  thin  enough  and  that  the  flowing  gas  is  well  mixed.  It  would  appear  that 
it  should  be  possible  to  achieva  significant  test  conditions  in  FSSTH 
experiments. 


.  > 


•  • 


4 


AFAPt  -T*-47-l!4 
Pwi  ra 


Fuel  System  Simulation  Test  Rtf 


The  Fuel  System  Simulation  Test  Rig  (FSS7R)  has  been  described  la 
detail  In  the  three  annual  reports  rs-ociated  with  the  preceding  contract  on 
this  subject,10/11)19)  therefore  no  description  of  tie  unit  will  t*  included 
here.  However,  a  flew  scheme  is  repeated  as  Figure  32  for  convenience. 


the  FS3TR: 


During  the  past  year  the  following  studies  have  been  conducted  la 

(1)  Heat  transfer  to  Dccalin,  oHELLDTXE  H  and  F-7i  in  mini  a  tore 
(1/16"  3D  ♦  4"  and  6"  long)  heat  transfer  sect  Iona  (sdnl  - 
FS3TR). 

(2)  Dehydrogenation  of  fCH  in  catalyst  \Pt  on  A1^03)  lined  reactor 
sections. 

(5)  Dehydrogenation  of  fCH  and  Decalln  over  Shell  113  Pt  on  AlaOj 
catalyst. 


Cooling  Program.  Exgerlmentnl  Study  I’sir.g  Miniature  Heat 
Transfer  Sections 

The  study  using  miniature  heat  transfer  sections  to  reach  heat  flm 
of  8  *  10®  Btu/(hr-fts)  has  been  continued.  Tests  with  four  fuels  (HUH, 

Decalln,  SKELLDYKE  H,  and  F-Tl)  have  been  completed  at  temperature  levels 
where  coke  formation  would  not  be  expected  to  have  any  effect  on  heat  transfer. 

The  preceding  Annual  Report1®^  on  this  subject  outlines  the  px  ce_ 
dures  and  describes  the  test  equipment  used  for  this  study.  A  photograph  of 
the  rig  with  a  1/16"  OD  x  6"  long  heat  exchange  section  in  place  (with 
Insulation  removed)  is  repeated  here  in  Fl.-ure  33.  Only  the  feed  and  product 
handling  and  pressure  control  systems  of  tne  FShTR  were  used  for  these  tests. 
The  preheaters  and  reactor  sections  were  bypassed. 

Reported  here  are  test  reailts  obtained  with  Decalln,  SHELLDYXZ  H, 
and  F-Tl-  fCH  data  were  presented  In  the  preceding  report.  Table  72 
summarizes  the  operating  conditions  at  which  heat  transfer  data  have  been 
obtained  for  these  three  fuels.  Sketches  of  the  four  heat  transfer  sections 
used  in  these  tests  are  given  3n  Figures  34  through  37.  Rote  that  Heaetor* 
10018-110  and  122  were  made  using  o7o265"  ID  x  O.OldO"  vail  type  >16  S.S. 
tubes  while  Reactors  10018-148  and  157  used  0.0J44"  ID  x  0.0144"  vail  Hartellqy 
C  tubes. 

Test  Runs  ’<lth  Decalln 

Three  series  of  runs  were  made  using  Decalln  as  feed.  The  first 
series,  using  the  4"  long  Reactor  10018-122,  reached  the  desired  »f*am  heat 
flux..  8  x  10®  Btu/(hr/ft5),  before  the  closing  of  a  product  line  valve 
resulted  in  tube  failure.  The  other  tests  using  Reactor  10016-110,  a  6s  long 
section,  were  made  at  lower  flow  rates  to  broaden  the  scope  of  the  beat 
transfer  dsta.  These  tests  were  made  with  Decslin  recycle.  Fresh  10  gal 
charges  of  Na  sparged  Decalin  were  made  to  the  system  prior  to  the  first 
(Series  10018-134)  and  second  (Series  10018-138)  series  of  runs. 

Data  tabulations  for  these  tests  which  include  recorded  as  well  as 
smoothed  and  calculated  results  are  presented  in  Tables  73.  74  snd  75. 
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Ftflura  33.  FSSTR  -  MINIATURE  HEAT  TRANSFER  SECTION; 
REACTOR  NO.  10018-97 
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Figure  36.  FSSTR  -  MINIATURE  HEAT  TRANSFER  SECTION; 
REACTOR  NO.  10018-148 
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>st  Runs  With  fSSLlDYNI-H 

Prior  to  starting  tests  using  TKELLUTKE-H  the  system  voiuar-  wea 
reduced  by  installing  l.V*  S.S.  tub Log  lines  dlrectlyCrom  the  feed  pump  to 
the  mini-r'S2TP.  test  stand  and  returning  from  the  product  ccr.dcnser  beck  to  a 
new  surge  vessel  ;*  2-ft  length  cf  *'  industrial  glass  pipe/  which  -as  mounted 
directly  above  the  pump  suction.  An  18"  length  cf  1-1/2*  gisujj  pipe, 
calibrated  at  100  ml  intervals,  was  also  included  In  the  revised  return  system, 
with  appropriate  valving  to  divert  the  product  flow,  to  allow  spot  cheeks  on 
the  feed  rate.  At  the  end  of  a  rate  check  the  product  accumulated  In  this 
chamber  can  be  drained  tack  into  the  surge  vessel  without  loss  or  air  contact. 
With  these  notifications  a  charge  of  ca  1  gal  of  feed  in  sufficient  to  operate 
the  systea  in  a  recycle  node. 

A  single  one  gallon  charge  of  SKELLDfVI-H,  N£  sperged  as  usual  was 
used  for  all  tests  cm  thi3  fuel.  Reactor  10018-110  was  used  for  the  first 
three  test  series  (10018-1^5, I** 5A,  and  11*6),  for  which  tests  data  tabulations 
are  given  in  Tables  76  .  77  and  78.  Following  these  tests  nev  k"  «nd  6"  long 
heat  exchange  sections  were  constructed  using  O.OJkh*  ID  x  O.Olkk*  wass 
Hastelloy  C  tubing.  One  of  these  sections  ['<*"  long  Reactor  1X13-1  k3)  was 
used  for  the  reaainirw  two  SKELLDYNZ  R  test  series.  Also  at  this  tine  a 
preheat  section  was  Incorporated  into  the  systea  to  permit  operating  at  a 
feed  temperature  cf  ca  25C*F.  This  increase  in  feed  temperature  reduced  the 
fuel  viscof  'by  and  this,  along  with  the  2"  shorter  tube  length,  oeraitted 
operation  at  higher  flow  rates  and  a  aixLmim  heat  flux  of  k  x  1C r  3tu/(hr*fta) 
was  reached.  Tables  79  snd  8C  present  the  data  tatxlctions  for  Series  1C018- 
156  and  153- 

Test  Runs  *’ith  F-Tl 


Four  tests  series  were  conducted  using  F-71  with  a  maximum  heat  flux 
of  8  x  10*  Btu/(hr’ft2)  being  reached.  Uiring  these  vesta  the  inside  tube  wall 
temperature  was  allowed  to  reach  ca  1200*  F  and  was  maintained  there  for  about 
kO  minutes  with  no  apparent  effect  on  heat  transfer. 


transfer  tests. 


present  data  suzsaariea  for  the  F-71  heat 


st  Lined  Reactor.  MCH  Del 


Two  test  series  using  reactor  tubes  lined  with  a  coating  of 
Pt /alumina  catalyst  rather  than  being  packed  with  catulyst  particles  have  been 
completed.  For  these  tests  the  FSSTO  was  adapted  as  necessary  to  accooaodat* 
the  1/8"  QD  x  23"  long  reactor  sections  which  were  mounted  immediately 
following  the  10  ft  lone  Sections  I  and  II  which  served  as  preheaters  for  this 
study.  A  sketch  of  the  lined  reactors  is  given  in  Figure  33. 

Te3t  Series  1X18-16U 

The  first  lined  reactor-  tested  (Reactor  1X18-162)  was  made  using 
catalyst  lined  tube  10860-k?  (refer  to  catalyst  preparation  section).  The 
tube  was  mounted  between  end  fittings  equipped  with  sheathed  thermocouple* 
for  fluid  temperature  measurement  and  bad  thermocouples  spot  welded  on  the 
outer  wall  at  10  locations.  Ho  provision  was  aude  for  supplying  pevrr  to  the 
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reactor  section  for  this  test.  Heat  of  reaction  was  supplied  only  by 
preheating  the  feed  stream.  Fl.-r.re  5?  shows  tot*l  FCH  conversion  as  well  u 
conversion  to  Toluene  tnJ  also  sr*.ws  preheater  exit,  feed  end  product 
temperature,  through  the  course  of  the  test.  Table  63  lists  the  analyse*  of 
liquid  product  samples.  (So  samples  were  taker.  of  product  gas.)  The  course 
of  the  test  any  be  followed  by  referring  to  "l.Tir*  59  'oitlal  operation  «t 
•  feed  temperature  of  9^'j‘F  resulted  in  a  total  ML’.d  conversion  of  ca  113  with 
10»  being  converted  to  Toluene.  Increasing  the  feed  temperature  to  1010*F 
increased  total  conversion  to  25.54.  However,  it  la  evident  that  this 
increased  conversion  waa  due  to  thermal  reaction  rather  than  dehydrogenation 
to  Toluene.  It  appears  that,  at  the  long  preheater  reaidence  time  U-CV  »  JO 
for  tie  10-ft  section),  considerable  thermal  reaction  waa  occurring  before  the 
feed  reached  the  catalyst  section.  Finally,  when  a  preheat  temperature  of 
108jcF  was  reached,  sufficient  cracked  p-'viu't3  were  formed  to  deactivate  tne 
catalyst  and  on  returning  to  a  feed  tenperature  of  950 *F  total  conversion  had 
declined  to  7.54  (6.54  to  Toluene). 

Test  Scries  10018-167 

The  second  lined  reactor  section  tested  had  the  sac*  general 
configuration  as  the  first,  1/8"  OD  x  0.029"  wall  x  23"  long  overall  22- 
catalyst  lined)  Type  J04  S.S.  lined  to  ca  1/16"  ID  with  54  Pt  on  alumina 
catalyst.  The  catalyst  support  used  for  lining  this  tube  was  about  twice  as 
dense  as  that  used  for  the  first  sect  ion  however,  which  resulted  In  two  time* 
as  much  platinum  being  available.  Bus  bars  were  brazed  to  the  end  fittings 
■eking  it  possible  to  supply  power  during  this  test  serlaa.  This  reactor  is 
designated  100i<J-l62A  ar.d  was  made  using  .atalyst  lined  tut*  10860-*&.1 . ) 

For  this  test  the  feed  rate  was  19. 7  lb  MCH/hr  LHSV  »  8590  based  on 
metal  tube  inside  dimensions),  and  fuel  inlet  temperature  was  maintained  at  ca 
930*F.  Reactor  pressure  waa  ca  060  rsig. 

Initial  operation  with  no  additional  power  gave  a  conversion  to 
toluene  of  11.54.  Applying  power  equivalent  to  160  Btu/lb  increased  conversion 
to  toluene  to  254  and  further  power  increase  to  3 JO  Btu/lb  raised  conversion 
to  35*54.  The  catalyst  started  deactivating  rapidly  at  this  point  and  power 
had  to  be  reduced  as  wall  temperatures  were  increasing  rapidly.  On  returning 
to  the  3J0  and  0  Btu/lb  power  levels  previously  supplied,  conversions  *er« 
found  to  have  decreased  to  21.5  and  10.04  respectively.  Selectivity  for 
toluene  was  excellent,  being  better  than  9^4  throughout  the  series. 

Figure  Up  shows  the  fluid  inlet  and  outlet  temperatures  at  rive 
minute  intervals  and  MTH  conversion  to  toluene  for  consecutive  ten  minute 
sampling  periods  through  the  200  minute  test  cycle.  Table  66  lists  the 
analyses  of  the  liquid  product  simples.  Outside  tuba  wall  temperature  profiles 
are  shown  in  Fl-rure  **1  for  the  five  lined  out  periods.  Note  the  higher 
temperatures  found  in  vh"  last  two  periods  as  compared  to  the  first  two  (at 
the  same  power  levels)  resulting  from  partial  catalyst  deactivation.  The  11:50 
(330  Btu/lb  power  level)  profile  was  recorded  under  transient  conditions  in 
that  tuba  wall  temperatures  were  rising  as  the  catalyst  deactivated.  A 
maximal  of  1300*F  was  rearhed  at  1-1/2"  length  st  12:01  when  the  power  was 
reduced. 
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Table  rrsTs  -  Dr-Tf  -vri^y'i  i'r  k:h  im  un-d 


Lined  Reacto-r:  10018-162,  1/8'-  00  x  22"  Lori 
MCH  Peed:  6.14  lb  Ar 
Preiiun:  660  peig 

Tee**  rature  i  Refer  to  eeccopar5:.rin<*  figure. 


Scrple 

2at«rr«'>, 


Liquid  Product  An&lyaie,  9  v 

Craclad*) 

Cyelo- 

kaxat.* 

MCH 

Mothyl- 

cyolo- 

bexenee 

Benxene 

Toluene 

0.2  97.9 

90.1 


5*  j ,  1500 


t)  Material  lighter  than  cyclohexane 
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40.  FSSTR:  DEHYDROGENATION  OF  MCH  IN  UNEO  REACTOR: 


Fluid  T*mpcr«tur*t  and  Conversion  for  Sarin  10018-167 
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t«m»  *v< ,  rrHrT'°ccrNATiOf«  cr  h*h  r*  r,rrrt)  pr^ 

- T^T<7t'  gglggjcg 

Lined  Pose  tor :  10018-162A,  1/8*  CD  x  22*  Lor* 

MCH  Feed;  19. T  lb/hr 

Preeeur*;  160  pe ip 

Temperature;  Refer  to  accoeparyirg  figure 


Sample 

Interval 


Liquid  Product  Analyeee,  W 


Start 

End 

Cyclo¬ 

hexane 

MCH 

Ketfcyl- 

Cyclo- 

hexer.ee 

Bensene  Toluene 

1010 

1020 

0.1 

98.3 

0.0 

1.1 

1020 

1030 

0.1 

9b.  9 

0.1 

b.9 

I030 

lCbO 

0.1 

89-7 

0.1 

10.2 

10L0 

1050 

0.2 

88.9 

0.1 

10.0 

1050 

lino 

0.1 

88.9 

0.1 

10.9 

1100 

1110 

0.2 

37.5 

0.1 

12.5 

1110 

1120 

C.  1 

78.3 

0.1 

21.5 

1120 

1130 

0.1 

77.6 

0.1 

22.2 

1130 

llbO 

0.1 

b.9 

0.1 

0.0b  2b.  8 

111*0 

1150 

0.1 

65.6 

0.2 

o.o5  3b.: 

1150 

1200 

0.1 

65. b 

0.2 

0.06  3b. 2 

1200 

1210 

0.1 

73.6 

0.2 

26.1 

1210 

1220 

0.1 

79.2 

0.1 

20.6 

1220 

1230 

0.1 

79*5 

0.1 

20.3 

1230 

12  bO 

0.1 

79.8 

0.1 

19.9 

12  bO 

1250 

0.1 

8r.  1 

0.1 

12.6 

1250 

1300 

0.2 

90.2 

0.1 

9.5 

1300 

1310 

0.2 

90.3 

0.1 

9«b 

1310 

1320 

0.2 

90.3 

0.1 

9.5 

Pee< 

J 

0.1 

99.3 

0.1 

Table  19  euaaarlzea  the  teat  condition*  and  results  for  the  two 
test  series  using  the  catalyst  lined  reactors.  No  tests  base  been  cade  using 
a  packed  reactor  of  these  dimensions,  however,  acxae  typical  results  obtained 
using  a  0.277"  ID  *  2*  long  packed  section  are  included  in  the  table  for 
oosperlson.  Particularly,  the  high  efficiency  of  the  vail  catalyst,  in  tens 
of  conversion  per  unit  of  catalytic  astal,  and  the  negligible  pressure  drop 
compared  to  the  bed  catalyst  should  be  noted.  These  results  are  very  en¬ 
couraging  although  it  is  obvious  that  a  catalyst  of  greater  stability  sust  be 
developed.  However,  it  was  gratifying  that  neither  catalyst  shoved  any 
evidence  of  spalling  as  a  result  of  the  experiment.  This  vork  will  continue. 
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T^M*  JT  "urrairice «  *he  tort  conditions  i:*l  r»~ul*.  f  r  ‘wo 
test  rorif  -  vi.- '. r.g  the  eataly  •*.  1  ine  1  ren'trc .  S<.  to  :  3 /<;  y^n  r.i  >  \*  Irg 

a  packed  reactor  of  tie  sc  , ir*- nr [ ona ,  hcv<?Y®r.  s.y  typ '.  -  ■»  i  r»  -.Its  crtainel 
UF 'ng  a  0.27T  IV  t  1  eng  pa'f.e-1  jc  t or.  *re  irvludei  l".  t.'*»  *»M*  for 
comparison.  r*rtleulat  ly,  the  high  effitiency  of  the  wail  -•taly.-t ,  I-.  terse 
of  conversion  per  unit  of  catalytic  ratal.  ani  the  negligible  pressure  Ircp 
ecus  pared  to  the  bed  catalyst  shouli  be  noted.  These  result*  are  very  en¬ 
couraging  although  it  is  obvious  that  a  catalyst  of  greater  stability  must  be 
developed.  However,  it  was  gratifying  that  neither  catalyst  shcweu  any 
evidence  of  spelling  as  a  result  of  the  experiment. 

Dehydrogenation  of  MCH  C~.t  .'hell  113  i^taljst 

One  of  ti*  most  promising  of  the  laboratory  prepared  catalysts 
{based  on  bench-scale  testing)  has  been  run  through  a  testing  program  in  the 
FSSTR  so  that  it?  activity  may  be  compared  with  that  of  V0P-R5.  This  catalyst 
consists,  of  <*t  Pt  on  type  1  spheres  and  is  designated  Catalyst  10200-113  (Shell 
115). 


Tests  'Jsir 


/ 8"  x  2ft  Recctor 


Three  series  of  tests  were  conducted  using  two  charges  of  Shell  115 
catalyst  in  the  3/6"  CD  x  .01*9  wall  x  2ft  long  reactor  section.  A  sketch  of 
the  reactor  is  given  in  Figure  (*2.  Each  charge  consisted  of  19.8gm  (ca  2<*al) 
of  catalyst  arv*  wa?  activated  in  place  for  1  hr  in  N?  at  ca  1050*F  before 
starting  the  test  run.  All  runs  'were  made  at  nominal  inlet  conditions  of 
900* F  and  900psig.  Selectivity  for  dehydrogenation  to  Toluene  was  better 
than  99%  for  this  entire  group  of  tests. 

The  first  test  series  'Series  10018-177)  was  made  at  a  feed  rate  of 
62.1  lb/hr  (LHSV  «  1550)  at  four  power  levels.  Table  88  summarizes  the  run 
data  and  Figures  M  and  1*1*  show  fluid  inlet  and  cutlet  temperatures  and  MCH 
conversion  through  the  course  of  the  test.  The  first  run  was  made  at  zero 
heat  Input,  then  power  was  Increased  in  steps  until  it  became  evident  that  the 
catalyst  activity  was  declining.  At  the  maximum  heat  input  (810  Btu/lb) 
conversion  started  at  77*  and  declined  to  75*  over  a  1*0  min.  period.  At  the 
same  time  outlet  fuel  temperature  was  Increasing  from  970’  to  1020* F.  On 
returning  to  a  power  level  of  290  Stu/lb  conversion  was  found  to  be  36*  at  an 
outlet  temperature  of  8l7*F  where  as  prior  operation  at  this  condition  had 
resulted  In  37*  conversion  at  791'F  outlet  temperature. 

Before  starting  the  next  test  the  partially  deactivated  catalyst  was 
Ha  treated  at  an  1050*F  for  1*5  min. 

The  data  summary  table  and  temperature  and  conversion  p1  "*s  for 
Series  10018x181  which  was  made  using  the  Ha  treated  catalyst  are  given  in 
Table  89  and  Figures  1*5  and  1*6.  Comparison  of  the  conversion  and  outlet 
temperatures  of  this  test  witu  those  at  comparable  power  levels  of  Series 
10018.J.77  shews  that  the  Ha  treatment  had  essentially  restored  the  original 
catalyst  activity.  Again,  however,  operation  at  the  highest  heat  input 
resulted  in  declining  catalyst  activity. 

Following  this  test  the  used  catalyst  vt3  dumped  and  the  reactor  was 
recharged  with  fresh  Shell  113  catalyst. 
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REGENERATED  SHELL  113  CATALYST  IN  2-FOOT  REACTOR 


Fluid  Twnfwratunn,  S**i«s  19018-181 
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Data  obtained  on  sow*  of  the  catalyst  racowwd  af tar  Series 
10018-181  and  on  fresh  10280-115  catalyst  follow: 


.specific 
Surface  Area, 


H*  Adsorption 
0-500 *C, 
u  mol  Hj.'g 


Frash  10200-113  229  35  -01  4.4 

( N*  Reduced ) 

Recovered  17  2.02 

Recovered  206  25 

(Burned  In  It  0?) 

The  final  test  series  (Series  1001&-184)  in  the  2ft  reactor  was  made 
at  a  feed  rate  of  25-1  lb  MSH/hr  (LHSV  •  625).  Table  90  and  Figures  47  and  1*8 
present  the  data  for  these  ru**.  A  maximum  conversion  of  911  was  reached  at 
the  start  of  gun  10018-184-1430.  However,  after  one  hour  operation  conversion 
had  declined  to  ca  8 7*  while  cutlet  temperature  increased  from  1006’  to  1052*. 

No  attempt  va3  made  to  reactivate  this  catalyst  charge. 

The  2ft  reactor  developed  a  le>.k  at  one  of  the  welds  during  thia  last 
test  and  will  have  to  be  rebuilt  before  It  can  be  used  again. 

The  following  tabulation  of  smootheJ  data  indicates  the  improvement 
obtained  using  the  113  catalyst  while  dehydrogenating  MCH  in  the  3/3"  OD  x  2ft 
long  reactor.  (All  tests  were  run  at  ca  900  psig  and  900°K  inlet  conditions.) 


Catalyst 


MCH  Feed 


Heat  Input 


lb/hr 

LHSV 

Btu/hr 

Btu/lb 

64.5 

1610 

40,u00 

620 

25.1 

625 

20,000 

797 

62.1 

1550 

40,000 

644 

25.1 

625 

20,000 

797 

MCH  Conversion,  i 


Outlet  Fluid 
Temp.  *F 


The  true  difference  in  effectiveness  is  not  indicated  solely  by  the 
increased  conversion  produced  by  the  Shell  113  catalyst  since  the  exit 
temperatures  vert  lower  in  those  cases.  The  .rue  effect  (at  constant  exit  T) 
on  conversion  will  be  calculated  using  the  reactor  computer  program. 

Test  Using  3/8"  x  10ft  Reactor 


Section  II  of  the  FSSTR  (3/8"  OD  x  0.049"  vail  r  11T i”  long)  was 
charged  with  94.3  g  (110.5  cc)  of  Shell  115  catalyst  which  was  then  activated 
in  N2  at  1100* F  for  .  hr.  Series  10018-189  was  then  run  at  an  MCH  feed  rate 
of  25.2  lb/hr  (128  LHSV),  inlet  pressure  of  900  psig  and  Inlet  temperature  of 
800*  and  900* F.  A  total  cf  eight  lined  out  run  periods  at  different  inlet 
temperature  and  power  level  combinations  vert  run  with  a  maximum  conversion  01 
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Reactor  No.  100lS-i»?;  0.277"  TP  x  0.d»9"  wall  x  2-ft  long  Hastallcy  C 
Feed:  99.3*  MCH;  25. lb/hr,  625  LHT.V,  6c,000  lb/ (hr* ft3) 
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001  being  reached  at  a  heat  Input  of  1,020  rttu/lb.  T;  .  tj'. a  suraary  table 
a xv.  fuel  Inlet  and  outlet  Ivmperature  and  conversion  plot9  for  this  test 
r,er<f-  givn  in  Table  91  and  Fhrur??  4a.  £0  and  *1.  It  appears  that  a 
very  slight  reduction  iu  catalyst  activity  too*  place  during  the  highest  heat 
Input  run. 


Vr'iry-M'T  of  Ocalin  ?D!iN)  Over  Chell  113  Catalyst 
Test3  Using  3/S"  OP  >.  10ft  R»*ctcr 

The  sane  catalyst  charge  which  was  uct.  j  for  Series  10018-109  with 
w.'H  feed  was  vised  without  further  treatment  in  ferles  10018-191  with  Decalia 
U-HN)  feed. 


Prior  to  this  first  use  of  DiiN  feed  in  the  FSSTR  it  was  necessary  to 
modify  the  flew  scheme  of  the  unit  by  adding  a  toluene  diluent  stream  to  the 
product  isned lately  before  the  condenser  so  as  to  prevent  crystallisation  of 
naphthalene,  one  of  the  reaction  products,  and  consequent  plugging  of  the 
condenser  coil.  This  expedient,  which, of  course,  would  not  be  required  in 
actual  operation  where  reaction  products  would  not  be  cooled  before  being 
bume  d ,  worked  well  and  no  problems  were  encountered  during  tie  test  period. 

The  course  of  Series  10013-191  can  be  followed  by  referlng  to  the 
data  suraary  in  Table  92.  product  analysis  in  Table  95.  fuel  Inlet  and  cutlet 
temperatures  and  Dili  conversion  in  Firrures  52.  S3  and  3*.  Of  interest  ia  the 
rapid  decline  in  catalyst  activity  found  in  *he  run  at  900°?  inlet  and  outlet 
(10018-191-14:50).  Note,  however,  that  ths  decline  in  conversion  (32$  to  T2$) 
was  emphasized  in  this  test  since  the  power  level  was  reduced  to  maintain  a 
constant  900°  F  outlet  temperature  and  in  previous  tests  with  fCH,  where  power 
was  held  constant  during  a  run,  a  rise  in  outlet  temperature  partially 
counteracted  the  decline  in  catalyst  activity.  This  effect  confirms  results 
obtained  in  bench  scale  equipment  which  indicated  that  DHN  had  a  more  adverse 
effect  on  the  stability  of  a  variety  of  Pt/AlaOa  catalysts  than  MCH.  This 
appear?  to  be  related  to  a  lower  rate  of  hydrogenation  of  coke  precursors  In 
the  DHN  case.  Isomerization  of  cis  to  trans  DHN  and  high  selectivity  for  the 
reaction  to  Tetralin  at  lower  temperatures  are  evident  from  the  product 
analyses. 
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Product  Amly-pj  ~erles  10018-191 


Run1* 

Product  Composition,  1m 

No. 

t.Decalin 

c-tecalln 

Tetralln 

Naphthalene 

Feed 

33.6 

65.9 

0.5 

0 

11J0 

72.1 

18.8 

8.7 

O.k 

12J0 

U3.U 

T.k 

31.6 

17.6 

1330 

66.9 

16.5 

15.1 

1.5 

1U00 

16.6 

2.0 

22.2 

59.2 

U25 

22.1 

3.0 

22.T 

52.1 

U50 

2U.7 

3.6 

23.2 

*7.9 

1610 

52-6 

10. T 

2^.2 

12.5 

1}  See  Data  Suaraary  Table  for  operating  condition* 
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Thermal  Stability 
Introduction 

F.el  there*  1  stability  has  become  a  fuel  property  of  increasing 
importance  as  engine  designers  have  turned  to  the  problems  of  the  GST  and 
higher  f%ch  N  jaber  aircraft.  For  years,  the  ASTM-CFC  fuel  Coker  ha#  been 
relied  upon  to  indicate  whether  or  not  a  fuel  had  a  paseable  theraal  stability 
rating,  but  has  always  been  acknowledged  to  hate  serious  problems  of  precision 
and  meaning.  Despite  the  many  coker  modifications  and  substitutions  which 
hare  been  advanced,  the  problem  of  a  suitable  thernal  stability  teet  haa  still 
not  been  solved,  while  the  need  for  such  a  test  haa  become  more  imperative. 

Also,  in  the  development  of  sulti-.lach  ffcjnber  aircraft  fuels,  a 
thermal  stability  test  appropriate  for  research-typ*  application  Is  needed. 

It  contrast  to  the  qualitative  nature  of  the  coker  test,  what  is  needed  Is  a 
device  which  will  quantity tively  measure  fuel  depositior.  tendency.  Unfortun- 
ctely#  fuel  thermal  stability  is  not  a  physico-chemical  property,  tut  is 
strongly  related  to  environmental  conditions.  It  is  difficult,  therefore,  to 
conceive  of  a  test  which  would  yield  stability  data  without  seme  dependence 
upon  the  particular  apparatus  used. 

The  purpose  of  this  work  is  to  delineate  a  few  of  the  environmental 
factors  which  can  influence  the  precision  of  coker  ratings.  Sene  of  these 
are  controlled  variables  such  as  temperature,  pressure,  test  duration,  and 
fuel  flew  rate;  but  other  factors  such  as  metal  exposure,  history  of  the  fuel 
and  tube  surface  preparation  may  play  a  significant  role. 

Finally,  we  are  concerned  with  the  subject  of  coker  tube  deposit 
rating,  which  la  probe  bly  the  most  serious  unresolved  date  rent  to  repeatable, 
reproducible,  and  meaningful  coker  deposit  ratings. 


eriaental 


The  thermal  stability  work  referred  to  in  this  report  has  been 
performed  with  a  fuel  coker  similar  in  principle  to  the  Standard  ASTI  Coker, 
but  modified  for  research  purpose  to  operate  at  temperatures  up  to  950*F 
and  pressures  up  to  500  psig.  In  its  present  fora,  it  operates  on  150  ml  of 
fuel,  and  normally  on  the  recycle  mode.  It  will  be  referred  to  herein  as  ths 
SD/H-7  or  the  SD  FUel  Coker.  A  detailed  description  of  the  basic  apparatus 
can  bo  found  in  Reference  10.  The  present  modification  utilizes  the  pump  only 
for  fuel  circulation;  static  pressure  is  imposed  by  gas  pressure. 


Factors  Which  Influence  F.el  Coker  Deposit  Rating 


Although  the  coker  test  is  simple  in  concept,  in  practice  it  is  com¬ 
plex.  Small  changes  In  controlled  variables  and  fuel  purity  can  end  do 
influence  teat  sensitivity,  which  explains  the  difficulty  carnculy  experienced 
in  obtaining  good  repeatability  and  reproducibility  although  rigorous  atten¬ 
tion  to  detail  at  tite  hands  of  a  skilled  operator  can  produce  better  results. 
Temperature  and  pressurt  art  of  course  controlled  variables,  and  temperature 
inaccuracy  has  been  identified  as  a  source  of  poor  test  repeatability  between 
laboratories.  The  effect  of  pressure  has  received  little  attention. 
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T^cpcrature  and  Rrcv?urc 

W»-  htv?  Investigated  the  sensitivity  of  the  SU/i“V7  Coker  test  to 
temperature  and  pressure  variations  with  three  fuels:  I^calLn,  SHELUYKE, 
and  SHELLDiKE-H.  In  these  test,  temperatures  were  varied  as  widely  as  275  to 
850’F,  and  pressures  froa  150  to  1*00  psig.  Both  temperature  and  pressure 
were  varied  simultaneously,  and  the  results  were  subjected  to  regression 
analysis. 


Mo  correlation  was  found  with  pressure,  even  though  both  pure 
liquid  state  and  boiling  operating  conditions  variously  existed.  Both  the 
maximum  deposit  code  and  total  code  ratings  could  be  expressed  as  simple 
linear  functions  of  temperature,  with  a  precision  generally  as  good  as  the 
reproduct ibility  of  the  test.  Equations  1,  2,  and  5  are  the  expressions  for 
predicting  the  maximum  code  (MCR)  ratings  for  Decalin,  5HZL1DYNE,  and 
SHELLDTKJ-H,  respectively,  at  temperature  T  (*F)  while  Equations  U,  5,  sad  6 
are  the  corresponding  expressions  for  the  total  code  (ICR). 


Decalin:  MCR 

SHELLDYKE:  MCR 
SHZLU7ME-H:  MCR 


(T-503)/58.7 

(T-571)/12 

(T-585)/l*2 


(1) 

2 

3 


Decalin:  TCR 
-HELLDYNE:  TCR 
SHEUCYNE-H:  TCR 


(T-}65)/15.>* 

(T-575)/1.6 

(T-575)/7.3 


(*> 

(5) 

(6) 


From  these  relationships,  it  I9  interesting  to  note  that  the 
temperature  errors  required  to  produce  a  1/1*  maximum  code  number  difference 
would  be  10*  for  Decalin,  10*  for  SHZLLDYNE-H,  but  only  5*  for  SHELLDYXE. 
Ta.s  breakpoint  temperatures  (the  temperature  at  which  the  maximum  deposit 
code  is  2.5)  for  the  three  fuels,  predicted  by  the  equations,  are  600,  600, 
and  690*F  for  Decalin,  SHEUDYNE,  and  SHEUDYNE-H,  respectively.  Since  the 
depoelt  ratings  are  considered  good  to  tl/2  code  number,  these  ratings  might 
then  be  given  as  600  *  20*,  600  t  6*,  and  69O  t  21*.  It  is  evident  that  no 
correlation  exists  between  the  thermal  stability  ratings  of  these  fuels  and 
their  temperature  sensitivities  (or  thermal  stability  temperature 
coefficients). 
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The  agreement  of  pr<  ilcted  values  with  the  experimental  da+a  from 
which  they  were  derived  is  shown  in  Tables  ?!*,  95,  and  96  and  In  Figure  55- 

In  connection  with  the  correlation  studied  with  temperature  and 
pressure,  the  test  fluids  from  the  ockcr  runs  were,  in  some  cases,  subjected 

to  light  absorption  measurements  at  500  su.  The  increase  in  light  absorption  * 

cw  that  obtained  with  the  original  base  fuel  vat  determined,  end  an  attempt 

was  aada  to  correlate  these  increases  with  coker  tube  ratings.  However,  this 

attest  was  a  complete  failure,  as  will  be  teen  by  the  data  In  Table  9**:  no  . 

correlation  was  found  for  either  maximum  or  total  tubs  ratings. 

However,  the  spread  in  A  percent  light  absorbed  values  was  not  wry 
large.  This  was  a  consequence  of  choosing  a  wavelength  which  would  put  the  *  '  t 

U4*t  absorptions  for  Dscalin,  SHELIDYNE,  and  SHELIXYKE-H  all  on  the  sew  1 

scale,  khils  this  selection  spread  the  readings  for  SKZUCTXZ  and  SHHX£YXV*B 
the  readings  for  Deca'Un  were  compressed  into  the  0*10  percent  range.  A  value 
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Pr**» ur*, 
P*it 


Tmpmtmt,  *? 


a. 

b)  500 


150 

550 

1/  5.5 

150 

550 

1.5/  10 

150 

550 

1/  5.5 

250 

750  {boll Inf) 

6/  15 

250 

850  (sc)a) 

6/  19 

250 

850  (sc) 

6.5/  33 

250 

750  (bolllnf ) 

Cf  35 

250 

750  (boilln*) 

6/  lb 

250 

725  (boiling) 

5.5/  21 

250 

675 

5/  37 

250 

575 

1.5/  12 

250 

275 

0/  0 

250 

625 

3*5/  20 

250 

625 

b  /  29 

250 

625 

3-5/  26 

150 

650  (telllnc) 

3.5/  26 

150 

600 

3/20.5 

150 

6oo 

2.5/16.5 

150 

675  (boillnt) 

5/  28 

150 

6oo 

3AT.5 

150 

6oo 

2.5A3.5 

150 

6oo 

2/10.5 

150 

6oo 

2/  13 

150 

6oo 

2.5/  12 

boo 

550 

2/  U 

bOO 

6oo 

2/  13 

>  *Up*TOI 

rltioal. 

rrthumiwT  rub*? 
Cod*  fUtlnc* 


Erp*rla*ntal  I  Pr*diet*d 


1/5.5  1/  13 

1.5/  10  1/  15 

1/  5.5  1/  15 

6/  15  6. 5/2M 

6/  19  8/  50 

6.5/  35  6/  30 

Cf  35  6.5/5*. 5 

6/  lb  6.5/5*. 5 

5.5/  21  5-5/  23 

5/  3?  b.5/  20 

1.5/  12  2/lb.  5 

0/  0  0/  0 

3-5/  20  3/  IT 

b/  29  3/  17 

3.5/  26  3/  IT 

3-5/  26  b/18.5 

3/20.5  2.3A5.5 

2.5/16.5  2-5A5.5 

5/  28  b.5/  20 

3/1T.5  2.5A5.5 

2.5/13-5  2.5/15.5 

2/10.5  2.5/15.5 

2/  15  2.5A5.5 

2.5/  12  2.5/15.5 

2/  11  1/13 

2/  13  2.5/15.5 


A  ^rc«ctb) 
Lif&t 
Ab*orb*d 


■lillalorop  v*r*l«nftlu 


j  10.1 

Coctlxuad) 


*209* 


A7API-T2-A7-N4 


coy^iacw  o?  s>  rm  ccm  vm 
ffigJSIB  J0L^aaAS2LSta3S2^ 


Rut 

Pr*Murt, 

F*i« 

Tnpvratur*,  *? 

Rr*h**t#r  Tub* 

0od«  Ratine* 

y*r**nt 

U<ht 

Ab«crb«d 

IzptrlMrrUl 

Predicted 

373 

150 

550 

1/  6-5 

1/  13 

U.O 

>75 

150 

550 

2A1-5 

: U  13 

*.6 

37b 

*00 

550 

1-5/  9-5 

V  13 

*.* 

381 

150 

700  (bolline) 

6/27-5 

5/21.5 

1.5 

>82 

150 

TOO  (bo iliac) 

6/  21 

5/21.5 

2.9 

319 

600 

2. 5/U.5 

2.5/  15 

10.5 

325 

150 

625 

2.5/  19 

3/  17 

3.9 

327 

150 

6oo 

2.3/13.5 

2.5/  15 

0.9 

330 

150 

6oo 

2/12.5 

2.5/  15 

1.0 

332 

150 

6oo 

2/  1* 

2.5/  15 

1.0 

33* 

150 

6oo 

3/20-5 

2.5/  15 

3.5 

338 

150 

600 

2/  17 

2.5/  15 

m 

3*0 

150 

6oo 

2/  12 

2.5/  15 

3*1 

150 

6oo 

3/  18 

2.5/  15 

• 

3*2 

150 

6oo 

2/8.5 

2.5/  13 

• 

3*9 

150 

6oo 

2/  12 

2.5/  15 

• 

350 

150 

6oo 

2/12.5 

2.5/  15 

m 

351 

150 

6oo 

2/  1* 

2.5/  15 

• 

379 

150 

6oo 

2/1*. 5 

2.5/  15 

• 

38o 

150 

600 

3/  13 

2.5/  15 

m 
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Table  95.  COMPARISON  CF  SD/M-?  P^l  CCKER  RATINGS  VITH 
VALl'ES  njg£ICTEP  BY  CCRft  'LAIION  £  STATIONS 

SHELLDTNE 


Pressure, 

psi 

Tempers  ture, 

*F 

Tube  Code  Ratings 

^Percent*' 

Light 

Absorbed 

Experimental 

Predicted 

150 

575 

0.5/  3 

O 

0 

• 

150 

600 

3/  21 

2.5/15.5 

- 

150 

600 

2/12.5 

2.5/15.5 

• 

625 

3.5/  26 

*.5/  31 

- 

625 

5.5/  38 

*•5/  31 

• 

650 

6/37.5 

6. 5/**6. 5 

31.1 

675 

8/  6V 

8/  62 

1*9.6 

raiiliaicrot  varelengtr.. 


•  •  •  •  •  •  •  •  •  •  •  • 


& 
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Table  96.  COMPARISON  OT  SP/tt-7  PC  £1  CCKER  rUTINSE 
VALUES  fREDICTtg  BY  COKRELAIICN  SgiATICKS 

SHELIflm 


Pressure, 

P*i 

Tempers  tare, 

•r 

Tube  Code  Ratings 

Experimental 

Predicted 

150 

625 

1.5/  H 

1/  7 

150 

675 

1.5/  6 

2/  1* 

150 

TOO 

3/22.5 

2.5/  17 

150 

700 

2/12.5 

2.5/  17 

150 

TOO 

2.5/19.5 

2.5/  17 

too 

700 

3.5/  21 

2.5/  17 

150 

775 

*/  23 

*.5/27.5 

150 

775 

5/  32 

*•5/27.5 

a)  500  wavelength. 


-m?- 


^Percent* ' 
Light 
Absorbed 
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o f  5S>  »u  would  probably  nave  better  sensitivity  for  Decalln,  and 

perhaps  deserves  another  lock  before  the  hype  the*  la  of  a  possible  correla  tier, 
of  tube  rati ng  with  light  absorption  Is  tossed  out.  The  outlook  la  not  cpti- 
alstic,  however,  -rince  fail;re  was  also  experienced  In  c».r  atteapt  to  relate 
existent  gum  from  Dccalln  coner  sa.Tple3  with  tube  ratings.  Th.e  agreement 
between  light  absorption  and  existent  gua  waa  also  poor,  as  shewn  In  Table  7*. 

Since  heavy  tube  deposit*  would  reduce  the  existent  gum  and  reduce 
alao  the  increase  in  light  absorption  due  to  oxidation,  it  la  net  unreasonable 
to  find  a  lac*  of  correlation  between  these  measurement*.  The  gua  molecular 
weight  and  state  of  agglomeration  watld  of  course  influence  all  three  measure¬ 
ments,  and  conceivably  in  different  ways.  An  additional  factor  la  the  deposit 
fallout  in  the  cooler  tcr.es  of  the  cok»r,  which  would  effect  light  transmis¬ 
sion  and  gun  determinations,  Ixit  not  coker  tube  ratings. 

Temperature  and  Tine 

The  correlations  of  Equations  1  through  6  apply  only  for  5-hcur 
testa.  We  have  also  investigated  the  time- temperature  tradoff  rolaticeahlp 
of  thermal  stability  in  the  SD  Coker,  using  a  high  quality  Jet  fuel 
(HAT  159-60;  described  in  Table  98).  Tine  waa  varied  over  a  period  of  1  to 
hour*  and  tempera  :ure,  froa  600  to  675*F. 

Regression  analysis  of  data  obtained  fron  these  testa  provided 
Equation*  7  and  8  for  max  ism  and  total  code  ratings,  which  are  seen  to 
contain  interaction  tern*  between  tine  and  temperature. 

MCR  -  (T-573)/H»  (7) 

TCR  -  -  0.0784  T  ♦  (0.0404  T  -  24.75)  t  ♦  59*9  (8) 

T  •  Preheater  Temperature,  *F 

t  •  Teat  Duration,  hours. 

As  nay  be  expected,  code  ratings  increase  with  both  tine  and 
temperature.  The  agreement  of  (7)  *  4  (8)  with  the  experimental  data  is 
shown  in  Table  9?  »”d  Figure  56.  If  the  reasonable  liberty  is  taken  to  extra¬ 
polate  (7)  end  (8)  to  5  hours,  we  then  obtain  expressions  of  MCR  and  TCR  for 
RAF  159-60  similar  to  (1)  through  (6); 

MCR  -  (T-573)/l1‘  (9) 

TCR  -  (T-516)/8.1  (UO) 

If  a  constant  temperature  of  600*F  is  assumed,  Equation  (7)  become* 
Mk  «  (t  -  1.4)/3.33  (II) 

Mi  see,  then,  fra*  (9)  and  (11)  that  when  the  preheater  temperature  Is 
constant,  the  maximum  code  rating  is  linear  with  time,  and  that  when  the  time 
is  oenstant,  maximum  code  is  linear  with  temperature.  This  is  tiue  ever  the 
ranges  of  time  and  temperature  used  and  for  the  fuel  lasted,  but  might  not 
hold  for  long  period*  of  time,  suggested  by  the  tine  effect  comparison  up 
to  20  hours  shown  by  Shayeson.55/ 

However,  analysis  of  (7)  suggests  that  for  small  changer,  time  and 
temperature  might  be  meaningfully  interchanged.  For  example,  with  the  present 
fuel,  if  the  test  time  were  shortened  from  5  to  2  hours,  the  compensating 
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Coktr  Rub 
*vmi*r 


319 

VO 

325 

372 

382 

Droalln  Bom  Stock 


C  otor 

T»«per«tup*#  *F 

Tube 

Bttlat* 

&  Nrrcut 
Lijht  AbcoarM 

CM*, 

•*/« 

too 

2.5/11.5 

10.5 

65 

o75 

5/  «8 

1.3 

25 

6C5 

2.5/  19 

3*9 

15 

550 

1/  6.5 

n.o 

65 

700 

of  21 

2.9 

■  ■ 

• 

- 

0.0b^ 
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t-=j*rmt..rc  lncn»w<?  r>";uired  w.uld  t—  from  OCfl  to  6J0*F,  or  22*,  to  fir* 
the  saw  sju.  cod*  rating.  It  la  interesting  to  lock  at  (7)  assuming  that 
a  1  %  c  -*j«»  r...sib«r  a-t-al  '-r.ar.i-  si  it.  t  -hang*  the  ubaerved  rating  by  1/2  a**. 
Cvde,  t---'  -vlJS-i  -rw  *.-d«>p*rvd«rt  variable  r  rat  art  at  tor*  arbitrary  «1 ,« 
v*-ile  ts-rvi:g  t*«*  rat-  f  -har/"  f  t."*  »th*r.  -J.cn  this  la  d-vve,  w»  find 
that  f  .r  the  rAf  lb.'*  f.*i  v.d  ’F,  t.-.e  rdr.Iaus  delectable  tlr->  -hang*  la 
svir-tea,  but  this  3-cr-ns-s  t-  15  -.r  .t-s  at  '00*7.  Similarly,  when  the 
time  is  h-lJ  cxstv.t  at  5  hours,  tie  minimum  detectable  temperature  change 
la  2**,  which  charg-s  to  1J*F  at  1  -.c*.r. 

\1  thou  eh  applied  to  only  three  f.ela,  thia  (tody  suggests  the 
i-rportant  conclusion  that  the  same  results  tJ ght  be  obtained  fro*  coker  teate 
by  simply  runni r.g  for  a  fraction  of  tJe  present  5  hours,  tut  at  a  slightly 
higher  tempera  to  re.  ?y  ao  doir.i,  t-.o  r.i:s  p»r  shift  Instead  of  one  might  be 
possible,  ts  an  exa-sple,  it  was  f.  xd  trat  1'calin,  when  r.n  at  675’f,  gave 
the  same  max.  code  rating  at  2-1/2  hours  as  it  did  at  600*F  and  5  hours. 

PitUbv  fr'*. 

Flow  is  r.~t  a  critical  factor  lr.  coker  operation,  but  we  have 
explcr-d  it  in  the  ,'D  Coker  with  both  Tecalir.  ar.d  nethylcyclohexan*  (MCH). 

The  results  we  report  and  the  concl  -  si -r.s  drawn  are  sornetfiat  peculiar  to  the 
recycle  f  lv -•  system  used,  and  the  size  of  the  fuel  complement  enters  Into 
the  results,  as  will  be  shown. 

When  Deealin  was  run  in  a  12>  ml  amount  for  2-1,1?  hours  at  600*F, 
a  2-1/2  lb/r.r  flow  gave  a  more  severe  ratlr.i  ti.ar.  did  the  standard  6  lb/t.r, 
as  s.vwr.  in  Table  IjO.  Also,  the  deposits  tended  to  be  shifted  further 
to\mrd  the  inlet,  end  with  the  lower  flow  rate,  as  would  be  expected  due  to 
heat  transfer  rates.  These  results  show  that  tiie  flow  rate  could  be  ir.  error 
as  much  as  0.5  lb/hr  before  an  effect  on  max.  code  would  be  discernible, 
which  Is  to  say  that  the  flow  rates  could  be  aet  at  6.0  lb/hr  *  8  parcent,  or 
2.5  lb /'hr  *  20  percent. 

The  total  effective  residence  time  in  the  preheater  tube  is  about 
the  same  for  both  flow  rates  in  a  recycls  system,  since  although  the  resi¬ 
dence  time  per  pass  is  15  seconds  fer  6.0  lb/hr  Deealin  flow  and  36  ascend a 
for  2.5  lb/hr,  the  sane  particle  of  fuel  goes  through  tha  preheater  36 A 5,  or 
2.k  as  many  times  at  6.0  lb/hr.  Therefore,  for  the  present  case,  the  resi¬ 
dence  tine  per  pass  is  more  important  than  total  residence  time.  In  a  once 
through  system  such  as  the  Standard  \STM  Cot  „  tha  total  and  par  pass 
residence  tines  are  identical,  and  deposit  code  rating  would  again  be 
expected  to  show  the  same  relative  relationship  to  flow  rate.  With  fuel* 
which  contain  trace  amounts  of  very  low  thermal  stability  materials,  the  cnee 
through  flow  system  can  have  the  effect  of  having  more  unstable  material 
exposed  per  test  at  the  hlgner  flow  rate,  wnersas  unstable  materials  la  such 
a  fuel  tend  to  be  reacted  out  in  a  few  passes  in  the  recycle  mod*. 

However,  with  larger  fuel  compliments  total  residtnee  .me  may 
become  controlling  in  the  recyclo  coker,  as  was  shots*  by  the  following  tests. 
Here  total  test  time  was  doubled  to  5  hours  and  the  volume  of  Deealin 
increased  by  a  factor  of  three  (Table  101).  under  these  conditions,  the 
effect  of  flow  rate  over  the  range  of  ca  3  to  12  lb/hr  disappeared.  A  simi¬ 
lar  result  was  obtained  with  MCH  at  3  and  6  lb/hr. 
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FratetUr  Taaparatar*:  550*7 
Run  TiMt  5  heart 

DHtllc:  5^5  nl 


Flow, 

lb/hr 

Tub* 

Ratine* 

Max.  /Total 

Drpcwit  Ratine  Frofila  bj  Znaft— 

JL 

12 

11 

10 

^1 

r« 

D 

L*J 

5 

a 

B 

B 

a 

|  Dacalin 

H 

3/  80 

3A8.5 

3-5/  19 

1 

1 

0.5 

1.0 

0*5 

1.0 

1.0 

0.5 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.3 

1.0 

1.0 

I 

w 

m 

m 

B 

m 

!  MCH 

g 

2/10*5 

2/  10 

- 

0 

0 

1 

0 

0 

__ 

i 

1 

1 

1*5 

1.0 

1.0 

2.0 

1.5 

2.0 

2 

2 

1 

1.0 

1.0 
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» 


I 


I  I 


» 


»  4 


I  4 


-m- 


u 


I 


I 


4 


i 


.  i 


AFAPl-T  R-67- 1 14 
Par*  ill 


»  <> 


•  <1 


9 


» 


»  • 


9 


»  << 


I  <» 


ft  <' 


ft  « 


v5 ; 


» 


i 


k 


From  th-  eo<rp«ri<sun  shovn  in  Table  llg  »t  Ijv  f-.el  volume.  It  now 
becomes  evident  that  ar.ther  traJe-uff  pr.v..ii;.g  «*q  .*1  t.be  ntlr.^i  it  t re 
sinult wk\.i  r-d  .etion  .f  fl.w  rate  and  total  t*st  time.  Tr.is  i*  so  a. 
least  wi  th  t'-e  very  pure  Decalln  fuel  and  the  recycle  mode  of  operation. 

Metal  Srvircr.-yrt 

Besides  Isoedie.te  Fuel  foker  control  factor*,  handiirg  and  prepa¬ 
ration  of  the  test  fuel  are  ..zportart,  and  car.  be  dominant  factor*  In  rating 
prtclalcn  and  reproducibility.  Regardless  of  the  care  that  is  taken  to 
•void  adventitious  material*,  however,  ncrml  contact  of  fu-1#  with  setal 
envirenaento  can  nave  important  effects.  I’peetrcphot  uoetric  analysis  of 
fuels  in  our  laboratories  has  shown  tr.it  iron  and  copper  extents  of  f.els, 
as  received,  may  be  as  high  as  20  «v;J  IX'  ppt,  respect  I  veiy.  The  latter 
amow.t  of  coper  Is  snore  than  sufficient  to  reduce  thermal  {..ability  in  suae 
fuels.  The  coker  p.xp  i‘self  can  be  a  scur-e  of  metal  cvi.taialnatior.,  and 
W  hare  found,  for  example,  large  differences  in  wear  rates  of  the  Zenith 
pump  In  the  SD/M-7  Fuel  Coker  with  fuels  cf  different  viscosity  and  lubricity 
properties. 


To  determine  the  extent  of  this  problem  and  the  effect  of  particu¬ 
lar  metals,  a  series  of  test  were  run  in  which  >ealin  was  first  percolated 
through  a  silica  gel  column,  and  then  shaken  with  a  powdered  metal  for  a 
minimus  period  of  ?  hours.  The  ratio  of  metal  to  Decalln  was  ca  }  grax*/ 
liter.  The  powiered  netal  was  then  filtered  out  and  the  Decalln  introduced 
directly  into  the  coker.  In  addition,  ecoe  tests  *?re  run  in  which  the  fuel 
was  also  constantly  recycled  through  a  bed  cf  the  same  metal  throughout  the 
test.  In  all  cases,  a  twin  run  was  made  in  which  2^*0  pj»  metal  deactivator 
(fCA;  N,!T-disalicylider.e-l,2-prcpanediamine)  was  added  after  filtration. 

The  as  tala  tested  Included  fe,  Cu,  Hi  Cr,  Zn,  Pfe,  and  516-stainiess 
steel.  All  runs  were  at  600  or  62  5’ F.  Results  are  shown  in  isuuaa- 

As  shown,  only  copper  gave  a  clearly  deleterious  effect,  amounting 
to  an  increase  in  nut.  code  of  J  mutters.  (Ratings  above  k  were  obtained 
using  a  scale  extension  cowmen ly  applied  to  lacquer  ratings  on  piston  skirts. 
Although  not  linear  with  the  aSTM  color  code,  It  gives  a  better  idea  of 
relative  deposit  amounts  than  simply  calling  all  ratings  above  k,  k*.) 

The  addition  of  MDA  in  the  2k0  ppm  amount  (0.21k  g/liter)  improved 
Decalln  max.  ratings  by  about  1  number  In  some  cases,  i.e.,  clear  Decalln, 
and  Decalln  plus  Cu  or  Zn,  but  this  was  only  in  the  600*F  runs.  No  benefits 
from  MDA  occurred  at  higher  temperatures,  and  with  clear  Decalln,  MDA  was 
hareful  at  625  *nd  675 *F. 

Apparently,  the  ehelating  action  of  K>A  with  aetal  is  responsible 
for  th*  laprov  wants  in  Decalin  ratings  a»  600*F,  but  this  must  largely 
occur  during  the  early  cycles,  since  fOA  is  not  stable  above  about  5kO*F. 
However,  th#  MDA  chelates  would  be  expected  to  be  stable  at  higher  tempera¬ 
tures.  As  temperature  is  increased,  the  M>a  would  eventually  be  expected 
to  deccapoas  and  actually  contribute  to  thermal  instability  of  the  fuel, 
which  see  as  to  be  in  harmony  with  the  625  «nd  675*F  rating*  show  la 
Table  105.  At  high  temperature,  us*  of  a  a or*  stable  chelating  compound  Is 
indicated. 
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Tut*'  Surface  P.-*p*r<t icn 

The  occasions!  obpervatioc  that  )  scratch  cr  the  tub*  turf*-*  -»y 
Ic*1  to  heavier  deposits  slung  that  line  led  w*  to  wood#?  ho  crlti-al 
sur  face  preps  rat  Son  procedures  -right  be.  *trreov*» r ,  a  r «rra»  -apor t*"*  .«  the 
preparation  of  JFTCT  tubes  that  dnr  sbrasive*  sigrif icautiy  increas-d  v«p#.t 
ratings  o>er  those  obtained  with  the  itsndsrd  A-l  polish  fur  the  r  piqsrd  r«- 
inte  est.  Electropolishing  has  also  been  repo. ted  to  Iner-cse  preheater  tuo* 
depoeits.^' 

We  decided  to  loo  A  at  the  effect  of  polishing  agent* ,  aa4  also  to 
se*  what  -ffect  the  degree  or  polishing  sight  have  on  colter  rating*.  Twc 
fuels  were  selected  for  these  tests:  fecal  in.  for  60C*f,  and  StffZJU TC-^t 
for  7 OC*F.  A  iarg-  backlog  of  rat  ngs  was  already  available  co  these  fuels 
with  the  A-l  polish,  which  increaseu  their  reliability  a*  reference  standar;*. 
Polishing  agents  investigated  included  two  dry  abrasives,  two  liquid  polishes, 
on*  wtuy  polish  contain, r>-,  an  abrasive,  arx,  one  dry  abrasive  aade  into  a 
paste  with  Decal  in.  These  are  shown  together  with  test  result*  in  Ttble  ICA. 

Overall,  the  difference.,  in  Decalin  ratings  were  net  large.  The 
two  dry  alunina  abrasives  did  produce  higher  ratings  (3.5/26-27)  than',  did 
A-l  polish  (2.5/12.3-l*i) ,  and  both  of  the  alusina  polishes  produced  surface# 
which  were  not  quite  as  cirror-lixe  as  can  be  obtained  with  A-l.  However, 
the  latter  fact  ray  not  be  ir.po-tant,  since  the  rather  coarse  Rayoeoi  polish, 
which  produces  a  fresh  surface  resenblir.g  code  1,  gave  ratings  in  excellent 
agreement  with  A-l.  The  larger  total  code  obtained  with  SayoGOl  was  due  to 
the  diffuse  appearance  of  the  .-aet-il  s’-.bst:ate  in  low  depoait  or  deposit-free 
areas. 


Siallarly,  no  significant  effect  was  found  between  new  tube  cod# 
ratings  of  *0"  and  "0.5"  with  the  sa.ee  A-l  polish.  However,  liquid  polish## 
gave  generally  lower  deposit  ratings. 

In  contrast  to  Decallc,  SHELLCTNE-H  produced  a  distinctly  lower 
depoa.t  rating  for  a  highly  polished  tube  (code  "0")  than  for  the  lees 
polished  surface  (code  *0.5"). 

Thu*,  different  fuels  ray  have  different  sensitivities  to  surface 
roughness,  and  it  is  clearly  important  that  the  tube  surface  be  carefully 
prepared  by  a  reproducible  aethod. 

Tube  Depoait  Rating  Methods 

Beside*  the  Inherent  weaknesses  of  the  coker  test  .tself,  the 
strictly  qualitative  nature  0.  the  color  code  rating  aethod  often  cast* 
couplet#  doubt  on  cooperative  ratings.  Deposit  color*  *oo*tlae*  do  not 
correspond  at  all  to  the  yellcw-tan  shades  of  the  color  coeparstor;  socetinsw 
the  deposits  are  transparent,  sooetiaes  they  ere  opaque.  Cbe  never  really 
knows  hew  thick  they  are. 

The  necessity  of  having  a  theraal  stability  test  tor  research 
purposes  which  will  provide  quantitative  relative  aeasureoents  of  the  deposits 
laid  down  has  led  us  to  explore  several  different  aethod*  of  deposit  rating. 
Included  aaccg  these  are:  l)  direct  beat  transfer  coefficient  aeasureaeot; 
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2)  sorimsticn  of  the  depoeit,  followed  b y  abaorptioa  of  the  prod-ect  gasee; 

3)  radiative  methods;  k)  .oivent  dissolution  and  fu*  determination.  T. base 
will  be  reviewed  briefly  relative  to  their  strong  ami  w***  point*. 

lirect  Kcat  Transfer  Cocfflriert  ^V*  sure -vents 

The  advantage  of  this  .re ‘.hod  is  that  it  gets  right  :*.  *J>  property 
of  interest.  I*v.eed ,  ail  other  methods  rmy  be  regarded  as  simply  being 
indicative  of  whit  the  relative  rec 'iOt.cn  ir.  heat  transfer  coef:ic,ect  night 

be. 

In  our  effort*  to  *ea*u:e  heat  transfer  coefficient  changes  due  to 
coker  deposits  and  artificial  acrylic  lacquer  "deposit*  films ,  we  t&jui  that 
coating*  abo  e  0.1  ail  and  above  code  k  were  necessary.  Only  if  the  severity 
of  the  cohvr  test  were  greatly  inc .-eased  would  it  be  pce*ible  to  practically 
apply  this  approach  directly  to  cose.-  tubes,  which  would  almost  certainly 
involve  a  higher  temperature  or  a  longer  test  than  the  standard  5  hours  with 
the  ASTT1  Cckcr.  Tho  cleverly  designed  P.inex  II  tester  is  purported  to  be 
capable  of  accomplishing  this  in  a  10  to  15  hour  iest.^  (More  recently  the 
tiae  for  a  test  has  been  lowered  to  5-6  umir*.  but  at  a  higher  temperature.) 

Complete  Cocibuatlon  of  Tub-  Deposits 

The  combustion  .uethod  involves  conversion  of  the  deposit  to  CC?  and 
HaO.  followed  by  either  absorption  and  weighing,  or  by  gas  chrccatograpftie 
detection.  It  is  assuoed  that  sulfur  and  nitrogen  can  generally  be  neglected, 
and  that  in  fact,  C02  determination  will  be  sufficient.  In  our  own  testa, 
we  have  measured  KjO  as  well,  since  this  procedure  permits  u*  to  determine 
the  C/a  rat.o  of  the  deposit. 

Figure  5?  shows  schematically  the  apparatus  used  for  determination 
of  deposits  on  coker  tubes.  The  coker  tube  is  placed  in  a  Jested  shell  so  a* 
to  form  an  annular  space  through  which  air  Is  passed.  The  nf fluent  from  the 
combustion  sene  is  passed  th’-ough  a  cupric  oxide  bed  which  operates  at  1600*F, 
where  con.ereion  of  CO  to  C02  occurs.  C0a  and  H^O  are  then  separately 
absorbed  and  graviastrically  determined. 

Polystyrene  "deposits”  were  used  to  determine  the  precision  of  tbs 
■ethed,  as  shewn  in  Table  1C5 .  Recovery  was  gens  rally  found  to  be  within 
5  percent,  provided  adequate  oxygen  flow  rate  and  time  is  provided  to  complete 
the  reaction. 


The  cochuaiion  method  was  found  adequate  for  tJbe  rating  of  coker 
tube  deposits;  however,  certain  drawbacks  do  exist. 

First,  the  method  is  not  rapid  in  its  present  fora,  considerable 
tlae  being  required  for  handling  and  weighing.  While  these  factors  can  be 
improved,  a  further  disadvantage  is  that  the  approximately  1000* F  temperature 
required  for  combustion  damages  the  tube,  possibly  rendering  it  unsuitable 
for  further  coker  runs. 


Sensitivity  of  the  method  is  limited  mainly  by  the  ability  to  avoid 
contamination  via  the  air  or  from  other  adventitious  organic  substances.  All 
traces  of  fuel  wd  rinse  solvent*  must  of  course  be  removed. 
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Figuc*  57.  COMBUSTION  TUBE  RATOR  DESIGN 
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;  A  variant  in  the  combustion  »t!wJ  which  clrc-mrvvnts  t tm  tube  -**aag« 

probiea  is  the  xubeti .it  ion  of  v*c«e  for  pert  of  the  e*yg*n.  hcvever,  this 
approach  haa  not  >»t  pioved  eoepieU>ly  successful .  Ths  difficulty  has  srisen 
frocs  the  amount  of  *. ism  .sculp'd  to  reaeve  the  depoelts,  and  the  stringent 
requiresnent  of  almost  perfect  purity  of  the  oxygen  necessary  to  •void  error. 

A  critical  factor  appears  to  be  t*;q,erature.  If  the  temperature  is 
too  high,  the  osene  decomposes  too  f»-t;  if  the  teaperatu re  Is  too  lev,  the 
reaction  rate  with  tbs  deposit  is  too  slew.  In  our  experimental  setup,  a  tubs 
teapereture  of  about  200* f  appears  to  be  near  optimum.  At  this  temps reture, 
however ,  newrly  two  hours  flow,  with  flow  conditions  of  0.025  f  t*/»ia.  and 
80  mg  Oy  liter,  art  required  to  completely  remove  a  cods  A  deposit.  After 
this  exposure  there  still  *  strains  a  white  pevdery  film,  believed  to  be  aetal 
oxides,  but  not  proven.  The  origin  of  the  oxide  fils  is  vsicertein,  since  it 
extends  far  beyond  the  area  of  vis. ole  deposits  observed  prior  to  the  os  one 
treatment.  Tlie  naterisl  could,  of  course,  originate  froo  the  fuel  ard  the 
pump,  but  in  two  tests  whe-e  a  brass  thermocouple  shield  was  inserted  through 
the  cater  wall  of  the  oxidation  chamber,  copper  was  transferred  to  toe  surface 
of  the  coker  tube.  This  suggests  that  otetss  is  capable  in  some  way  of  vola¬ 
tilising  a  metal  and  then  depot. ting  it  again,  perhaps  after  critical  partical 
siS«J  have  been  attained.  Thu* ,  the  sets',  film  observed  could  partially 
result  from  transfer  from  oilier  aetal  parts  of  ths  deposit  removal  syrtea. 

,  At  the  flow  conditions  cited  above,  about  85  liters  of  oxygen  coo- 

■■  tainlng  a  total  of  about  6.8  g  oxone  will  have  passed  over  the  coker  tube. 

fertaps  a  design  which  would  provide  greater  turbulence  would  result  in  a  more 
efficient  utilisation  of  the  ozone  and  a  shorter  time  to  accomplish  the  depo¬ 
sit  removal,  sine*  this  amount  of  osar#  is  many  tines  greater  than  it  needed 
to  burn  oil  a  maxis,  a  of  perhaps  0.2  ag  of  deposits  (st  code  A).  A  reduced 
time  and  total  flow  is  of  course  desired.  For  example,  at  the  flow  coal  it Iona 
described,  impurity  lewis  in  the  oxygen  which  would  cause  a  rating  error 
equivalent  to  l/2  code  number  or  core  would  only  have  to  exceed  0.6  ppa  CO*, 
1.5  ppa  B^O,  or  0.5  ppa  CH«.  If  the  equipment  design  can  be  suitably  altered, 
the  importance  of  gas  stream  ispurities  might  be  greatly  reduced  by  reduction 
in  ths  aaount  of  oxygen  required.  However,  the  limitation  may  be  a  very  slow 
reaction  rate  of  oecoe  with  the  deposits,  in  which  case  oaooe  may  alaply  prove 
to  be  ispractical.  Scam  further  investigation  of  this  approach  la  warranted. 

In  addition  to  the  use  of  combustion  with  the  SD  Coker  tubes,  we 
have  also  experimented  with  the  combustion  method  on  the  small  (Aicor)  3T TOT 
fuel  tester  tubes.  Here,  although  the  amounts  of  deposits  are  smaller,  the 
entire  tube  can  be  combusted  in  a  closed  vessel  and  the  CO*  determined  by 
either  Infrared  or  gravimetric  analysis  of  the  product  gas.  Sensitivity  in 
this  instance  is  even  more  favorable  than  that  with  ths  larger  tubes  since 
the  amount  of  oxygen  required  is  comparatively  small,  and  impurities  in  the 
oxygen  are  of  negligibla  laportancs.  Moreover,  the  smaller  tubes  are  less 
expensive  and  can  ba  expended  after  each  run. 


Ve  have  rated  the  deposits  on  a  strict  of  firs  such  tubes  which 
were  obtained  from  the  ALCGR  Corporation.  Each  bad  been  run  on  a  turbine  1 

fuel  and  bad  a  max.  coda  rating  of  A  or  over.  Ve  retea  these  tubes  visually  •  ,  ►  4 

along  tech  cm  of  its  total  6  ca  length,  recording  both  the  sax  code  and  the 
Integrated  viral  rating.  Tho  tubes  were  then  rated  by  the  beta-back-  ] 

scattering  technique  discussed  in  the  next  section  of  this  report.  Finally, 
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each  tub*  was  e«*cticr>ed  <  nto  1  cm  len gths  r?  **»  jl— *a.  Tetersirev* 

fey  th*  combustion  a* ‘-hod .  Figures  V?  through  63  (bow  th*  cospariecn  of  the 
»ln*l  and  combustion  rating  prcfil**,  where  the  ulna  iWpciH  level  wee 
assigned  a  value  of  1.0  on  4  relative  deposit  level  scale.  It  caa  be  seen 
that  th#  visual  profile  generally  foiled*  Mm  coobustlon  quit*  wall,  although 
tub*«  Ko.  1  and  k  shew  seem  ae.-ked  d  isag-veoents  and  demonstrate  how  the 
visual  nethod  can  giv*  see*  srlsiea«ing  result*.  This  assumption  Uiat  th# 
combustion  rating  ia  sere  correct  than  th#  visual  is  intuitive,  but  also  U 
in  agreement  with  the  results  from  th*  bela-backscattering  msthod ,  as  shown 
in  comparison  of  th*  total  deposits  of  tbs  fie*  ALCO*  tuba*  ( Figure  63). 

Htr*  it  may  b*  seen  that  th*  combustion  and  beta-backseat  terlng  asthods 
always  acre*  as  to  the  relates*  total  amount*  of  deposits,  and  that  th* 
visual  ratine*  say  deviate  in  either  direction  frea  th*  tru*  quantitative 
asount.  These  data  illustrate  the  deficiencies  of  th*  standard  visual  aathod 
of  ratine  tubes.  Cb  the  basis  of  the  agreement  between  th*  combustion  and 
back-scattering  » thod  v*  have  designed  and  received  authorisation  for  the 
construction  of  a  prototype  ft- ray  back-scattering  d*vie*. 

»dlatlv*  Methods 

Two  oethods  of  radiative  deposit  rating  have  been  cods idered . 

First  of  these  is  the  beta- rad  1st  ion  back-scattering  technique,  which  we 
hav*  already  mentioned  as  being  effective  in  the  rating  of  the  nmal’  'TOT 
tube  deposits. 

This  method  Involves  placing  the  tube  in  a  partial  vacuun  and 
irradiating  it  with  a  soft  beta  source  such  as  ^3ni,  vhila  simultaneously 
measuring  th*  back-scattered  beta  particles.  The  tub*  was  scanned  longi¬ 
tudinally  along  repr*  ’ntatlve  sides,  and  the  back-scattering  coopered  with 
that  froa  the  clean  t^be.  Calibration  is  achieved  by  aeans  of  a  film  of 
kacam  thickness  of  polymeric  material.  Details  of  the  method  are  elaborated 
la  the  Appendix. 

Sensitivity  of  th*  method  proved  adequate  to  detect  th*  equivalent 
of  half  an  ASTN  cod*  number,  but  revealed  very  poor  correlation  with  visml 
ratings,  as  was  shown  in  Figures  58-63.  and  as  i»  shewn  again  now  In  Table  10$. 
This  fact  provides  additional  evidence  for  the  great  need  to  qvmntlfy  colter 
deposit  ratings.  Comparison  between  the  three  method*  of  rttii*  ec ter  tubes, 
visual,  combustion  and  h-ray,  are  shown  in  Table  107. 

Infrared  offer  a  further  possible  method  of  dspoelt  ratii^j.  How¬ 
ever,  Inquiry  smde  to  na:  -lecturers  of  infrared  equipment  ta*  l*d  to  th* 
conclusion  that  light  coker  deposit*  are  too  thin  for  detection  by  infrared 
absorption.  There  is  th*  possibility  that  difference*  in  «ai**lvltl*«  of 
th*  bar*  aatal  and  film  coated  surfac**  night  provid*  a  basis  for  infrarsd 
detection. 

Oir  only  attempt  with  infrared  involved  heating  the  coker  tub*  to 
about  600 *F  in  a  totally  dark  room,  and  then  photographing  it  with  type  hl3 
Polaroid  infrared  film.  At  this  temperature,  a  J-ainute  exposure  was 
required  to  record  any  kind  of  an  image  at  all,  but  the  deposit  area  could 
hot  be  distinguished.  W#  are  informed  that  acre  sensitive  detectors  era 
available,  but  this  approach  appears  vsry  expensive. 
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Table  107.  CCKPARTUN  CF  TKEZE  TEPOSIT  RATING  ME7HCCS- 
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a)  For  coaparlson  purpose* ,  color  codr  ratings  were  uilpid  the 
following  values;  Code  1  »  k5  i*g;  Code  2  •  90  ng;  Cod*  3  •  135  ug  on 
the  basis  of  best  present  knowledge.  The  code  rating*  are  weighted 
averages  for  the  entire  tube  surface. 

b)  Beta-backs cattering  thickness  aeasureaenta  were  converted  to  weights 
by  assuning  a  deposit  density  of  1.0  and  calculating  a  weigh  to* 
average  for  t he  entire  tub*  surlac*. 


tube  No. 

Total  Deposits 

Ug  C 

Relative  Ratings 

Relative  feting 
Order  of 
Tubes 

Vls\»l* 

Cocab. 

Beta-b 

Visual 

Cocab. 

Beta- 

Visual 

Coab. 

Bets 

1 

72 

58 

79 

.6k 

.29 

.96 

3 

3 

3 

2 

58 

10k 

80 

.52 

.52 

.97 

5 

2 

2 

3 

10k 

25 

18 

.12 

.22 

2 

5 

V 

112 

27 

k6 

.lk 

.56 
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5 

72 

200 

82 

1.0 

Hi 
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5c.* ns*,  r»  posit  ^soral 

Cotor  depc# !  *;  «!g ht  'jcaoe  i  vaily  be  resaowJ  snd  wv  ,g?tei ,  bu t  »r» 
difficult  Vo  scrap*  off  -aecnani  rally  without  raocrirg  toe*  *ui  u  v*  i_l . 

W»  thr'vfor*  thought  of  try.ng  the  idea  of  dissolving  Us*  deposit  into  a 
suitable  solvent,  ard  t>r  deterainirg  the  deposit  level  b7  rjenirg  i  fjn 
determination  on  the  sol  rant. 

3ii#ce  past  experience  had  shown  that  coker  tube  depneiv?  are 
gararaily  net  very  soluble,  particularly  if  they  are  of  the  rvsioc*.*,  adherent 
type-,  we  UNO  t  tutted  shell  into  which  the  oc-ser  tube  could  be  inserted. 

About  50  nl  of  solvent  was  required  to  subosrge  the  tube,  and  the  terperature 
6i*  the  eol teat  vu  raised  to  100* C  (or  leas,  if  the  pressure  reached  200 
P*  g). 


As  will  V  seen  f roc  the  risaary  of  results  shown  in  Table  116. 
cnly  K,K-<3 taethylforoexile  cane  even  close  to  doing  »  ccnplete  Joo  of  ra novel. 
A  second  treetaent  with  U1F  scnetiaes  completed  the  deposit  raaovei,  as  nearly 
u  could  be  detected  visually,  but  sera  often  left  s  patciyr  light  stein. 

Again,  the  aethod  was  found  tine  ooosunlrg,  shout  2  hours  being  required  for 
best  results. 

Suntmry  c*  Deposit  toting  Methods 

Several  additional  approaches  to  quantitative  depewit  rating  here 
been  consider*!,  utilising  such  techniques  as  aeasuring  capacitance  or  ccssiuc- 
Vance :  oeasunsaent  of  the  UV,  Visiole,  or  x-ray  absorption;  oxygen  plaaaa 
burning;  and  microwave  spectroscopy.  Soa*  appear  to  be  prohibitively  expen¬ 
sive;  others#  iT3ufficiently  sensitive. 

Of  those  tried,  the  coobuation  and  beta  back-scattering  approaches 
appear  scat  p  rood  sing-  Table  109  runner  i  tea  the  estimated  ainiaua  deposit 
detection  levels  for  the  aethoda  discussed#  which  shews  that  all  except  direct 
heat  tranafer  coefficient  deteraination  have  sufficient  sensitivity  for  coker 
tube  deposit  application. 

Beta  back-scattering  appears  to  be  the  simplest  and  quickest  test# 
•ad  it  appears  that  the  assumption  is  safe  that  the  deposit  consists  alaoet 
entirely  of  carbon  and  hydrogen.  Moat  other  elements  which  are  likely  to  be 
found  in  the  deposit  will  tend  to  cause  a  slight  error  in  the  direction  of 
indicating  that  the  film  is  thinner  than  it  really  is.  Thus#  eleaenta  such 
as  0#  5#  ft,  Pb,  Cu#  etc.,  which  are  conacnly  found  in  fuels,  if  they  be  cone 
part  of  the  deposits,  eould  increase  back-scattering  and  arke  the  deposit 
look  a  little  thinner  to  the  instrunent.  This  effect  is  roughly  proportional 
to  the  atonic  number  and  the  concentration  of  the  eleaent.  Although  every 
tube  Metal  -  even  different  aluninu*  alleys  -  would  require  recallbmilcn, 
this  could  be  done  by  cleaning  a  snail  section  of  the  tube  before  rating. 

Table  110  gives  an  eatiaated  indication  of  tbe  extent  of  the  effect  of  Ispo- 
rltisa. 


It  would  probably  be  worthwhile  to  have  available  film  approxlaati^ 
in  eoapoaition  and  thickns aa  a  typical  deposit  for  calibration  purposes. 
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Solvent 

m 

fei 

Preee. , 
P*t 

Tie*, 

hr 

Tube  let inf 

•effort 

After 

Morptoollm 

JfV 

27 

2 

4« 

7.5 

2-Nitroprope've 

SO 

200 

1 

35 

M 

Tetretydrofurea  (TOP) 

100 

170 

1 

35 

3-5* 

Hexylene  Glycol  Meeetete 

So 

190 

1 

3.5 

*.5 

X,K>Dl&rttyl  Forcenide 

lev 

32 

3A 

3-5 

3.5 

CPf  (2nd  Oor***cutiye  tip. ) 

EH 

22S 

1 

3-5 

c 

Off 

ir> 

28 

1 

4.0 

STB 

99  (2nd  Coneecutive) 

100 

25 

2 

1.0 

HI 

nr 

142 

l8o 

1 

4.0 

3.0 

1/}  DMF  *  2/5  TJT 

190 

1 

3-5 

35 

1/2  DMP  ♦  1/2  Morpbclint 

90 

1 

4.0 

7.5 

Shell  Solatlaer  Solution*) 

25 

1 

2.0 

3.5 

Sulfolene 

6 

1 

2.5 

2 

Solvent*  which  h*J  no  effect:  Claethyl  eulfcxide,  Vtcrotm, 
Piperidine,  Diecetjn#  Alcohol,  ler.  Acetete,  Propyl  Alcohol, 
eec-Butyl  Alcohol,  Methylene  Chloride,  Acetone,  Methyl  Ethyl 
I*ton»,  Tbluene,  Frece-II,  Meeltyl  Oxl It. 
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R»tin*  Mttbod 

i 

Avtn<t 

Dtpoalt  . 
ftlebnii,1' 
all 

Itotal 

Orpcxlt 

Woifcht, 

*fc 

Appre*  Mu 
Color  Code 

A5TM  Color  Oote 

0-002 

0.2 

1.0 

ft**t  Truaftr 
Co*ffioUat 

0,25 

26 

8 

Ooaturtlan 

0.005 

0.5 

1.0 

Beta  Baal*8eavt'/rl&( 

0.0.05 

0.5 

1.0 

Solvent  l>«nl 

0.005 

0.5 

1.0 
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V*  iT«rt{i  thiekaMt. 
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Error  la 
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% 

CH 

..») 

c* 

?.  H 

-2.0 

cho.*» 

23*5,  0 

♦1.5 

CHS.os 

11.0,  s 

♦3.5 

CHFo.oi 

fc.i,  n 

♦2.5 

CHRi.ooi 

1.1,  H> 

♦3.1 
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As  t  part  of  *  continuing  prograa  of  rating  t fasrastl  stabilities  of 
candidate  •'odothsnaio  fuels,  diaethanodecelin  tad  RJ-*  fuel  (T»t raftydraaelfcyl- 
cyciopentedUne  diasr,  obtslned  fro*  Esso  itesesrch  and  Engineering  Zampksy, 
and  designated  TH  Diner  Ramjet)  were  tested  in  the  SD/H-7  coker.  Result# 
of  these  tests  are  eospared  in  Tabls  111  with  aiaiiur  results  for  5KEU£YXE-£ 
and  Decal la. 
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(  THZ  5D/H-7  CCKER  At  150  PSIS 


UUL4B2 


Run  Mo. 

Test  Fuel 

Density, 

*/al  (68*F) 

Preheater  Temp., 

*F 

Preheater  Tube 
Ratings,  Max./ 
Total  Codes 

397 

Dimethano- 

Dccalin 

1.01 

600 

3-5/27.5 

(conceits) 

Decalin 

0.076 

600 

2.5/15 

309 

RJ-A 

0.918 

550 

2/12 

390 

RJ-A 

0.918 

600 

2/12.3 

391 

RJ-4 

0.918 

650 

3-5/20.5 

( composite) 

SKELU3YNE-H 

1.072 

750 

2.5/15.5 

From  the  data,  RJ-A  haa  an  estimated  breakpoint  of  about  625* F, 
whereas  that  of  dlmethanodecalin  would  be  about  575* F.  5y  comparison, 
SHEL1XDC-H  and  Decalin**'  have  breakpoints  of  750  and  600* F,  respectively. 
However,  the  result  on  dimethanodecalin  is  on  the  basis  of  a  small,  old 
sample  which,  though  refrigerated,  could  have  deteriorated  in  the  ten  ysars 
since  it  was  aade.  It  will  therefore  be  necessary  to  confine  the  present 
results  with  a  fresh  sample. 


Effect  of  Pecalln  Impurities  an  Coker  Ratings 

When  JO  drums  of  RAF-l6l-60  Decalin  were  purified  recently,1*)  the 
silica  gel  treatment  removed  appreciable  amounts  of  color  bod  its  and  produced 
e  water  white  product  from  the  original  material  which  had  a  strong  yellow 
treatment  prior  to  treatment.  Existent  gum  and  particularly  fuel  coker 
ratings  were  improved. 

Following  the  silica  gel  treatment,  the  gel  was  drained,  washed  with 
n-haxane,  and  eluted  with  acetone.  The  recovered  extract  was  then  water 
washed  and  vacuum  flashed  to  remove  the  acetone  and  hexanes.  When  the  product 
was  cooled  to  -2*F,  e  crystalline  substanca  separated  out,  leaving  a  dark 
brcwc-black  liquid.  The  crystallise  phase  by  itself  melts  at  a  temperature 
above  70*Ft  however. 


We  Mire  interested  in  learning  what  the  active  ingredlert  responsible 
for  the  poor  coker  ratings  of  the  untreated  Decalin  might  be,  since  its  pre¬ 
sence  at  a  concentration  of  1000  ppu  or  1 ese  was  surprisingly  harmful.  Erdco 
Cokar  ratings  of  Decalin  before  and  after  silica  gel  treatment  are  shown  is 
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Coker 

fuel 

cm  co 

Decal lu,  "u 
received" 

• 

Dec  el  In,  aiUee 
«el  treated 

5D/H-7 

Decelin  ♦  If 
Xylene  oeeorbate 

• 

Decelin  ♦  lv. 
liquid  deeorbete 

• 

Decelin  ♦  ly 
tvitel  aeeorbete 

* 

Decelin,  elllce 

1  qal  treated 
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SO  Cote r  run#  were  aed*  on  .eccretltutsd  blends  of  purifisd  Jecallo 
with  the  ♦  'tel  extract,  th*  crystalline  p Iih,  cod  th*  liquid  phas*.  h**ulta 
of  tStM  Uit«  ar*  a!*o  *hown  In  Ttbi*  11?.  Curlouaiy,  neither  t he  crystal¬ 
line  nor  th*  liquid  phaa#  w*r*  y* ry  harmful  to  coter  re*, irg*  **parat#ly;  but 
th*  total  extract  was  harmful,  though  l**a  *0  than  expected  fro*i  th*  original 
“no  r*o*lT*d"  Deoalin  rating*  of  th*  Erdco  Coker. 

Two  explanation#  «««■  pceeible  for  th*  apparently  lighter  r*oco- 
•tltuted  rating*.  firet  la  th*  poealbility  that  too*  harmful  impurity  *** 
adsorbed  from  ttu  Dvcalin  which  net  d**crt*d  by  th*  acetone.  Th*  **ccnd, 
and  laor*  probable,  1*  that  v*  are  ***lng  a  true  dlfftranca  in  th*  way  th*  SD 
Coter  and  th*  Crdco  Coter  rat*  a  fuel  where  th*  deposit*  ar*  due  to  as  almost 
traca  coqpocwnt.  Thu*,  th*  deposit  In  th*  Erdco  l«*t  derive#  from  about  6.5  5 
Lxpurltle*  (3  lb/hr  x  1*53.6  c/lb  x  .001),  whtraa*  th*  deposit  froa  th«  3T  t*«t 
oca**  fraa  only  about  0.3  f  lapurlti**  (350  al  x  .863  ( /al  x  .001).  Bowser, 
when  th*  pure  silica  gal  treated  Da  cal  in  la  being  tested,  th#  Erdco  and  tha 
SD  Caters  igra*  vary  wall  ind«ad  (sa*  Table  112) .  This  eoepariacn  la  in 
agreeaent  with  earlier  prediction*  concerning  similarities  and  difference#  cf 
th*  two  eotere.*4' 

V#  ar*  unabl*  to  expla_n  tha  apparent  aynargiatlc  affect  of  com¬ 
bining  th*  liquid  and  cryitailin#  iapuriti**  rraoved  from  th*  Decal  In.  however. 
Son*  work  will  be  dona  in  th*  future.  Involving  further  aaparatloc  of  the 
iapurltlaa. 


To  broaden  tha  acop*  and  understanding  of  th*  thermal  atablllty 
problass  of  endothermic  Jet  fuel*  w*  have  recant ly  purchased  froa  ALCQl,  Inc. 
a  Phillip'*  5-*l  Boob  Apparatus  Aaaaahly.  Thla  equipment  haa  now  bean 
assembled  and  will  ba  us  ad  for  occasional  correlation  testa  with  tha  Erdco 
and  SD  Fuel  Cater*. 

V*  have  also  constructed  another  suall  stainless  ataal  boat  for 
development  stadias  on  a  new  thermal  stability  taat.  Tha  concept  of  tha 
test  1*  to  accunulat*  deposits  on  finely  divided  aatal  or  catalyst  particlas 
of  v*r7  high  surface  area.  It  is  hypotbsslsed  that,  aaong  other  factor*, 
th*  deposition  tendency  Is  dependant  on  surface  area,  surface  roughness,  and 
It  should  be  possible  to  reduce  both  test  tins  and  saople  sis*.  Tbs  hops 
would  be  to  develop  a  thermal  stability  test  which  would  be  rapid  and  slqpl*. 
yet  would  reflect  th*  deposit  forming  tendency  of  th*  fuel  as  reflected  by 
the  ooter  test,  or  better  still  by  th*  sngins  Itself. 

V*  propose  to  accomplish  this  by  adding  th*  suitable  a*tal  and  fuel 
to  th*  barite  expos*  it  to  tsepsrature  in  th*  preserve*  of  oxygen,  then  renove 
th*  Mtal  particlas,  wash  and  dry  thea,  and  dsterain*  the  deposit  weights. 

Tha  lattar  night  ba  parforead  either  by  combustion  or  gravlastrloally. 

Two  previous  boobs  were  built  for  this  purpose.  The  first,  con¬ 
structed  of  aluminum,  failed  by  sclsure  of  ths  threads  at  the  and  of  a  test. 
The  second,  aade  of  stainless  steel,  had  an  inadequate  seal  which  leaked 
under  pressure.  Tbs  present  bomb  is  also  constructed  of  316  S3,  but  is 
equipped  with  a  crown  scat.  A  nickel  bursting  disk  also  serves  as  a  soft 
gaatet  to  insure  a  perfect  seal.  The  bursting  disk  is  designed  to  rupture 
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at  1X6  pel  and  500 *r.  Total  volume  of  the  bosh  it  J.J5  *1.  The  beak  Itself 
l*  1*  OC  i  2-5/8*  lor.g;  overall  length  ir.c luJ ing  Um  heed  It  5".  In  operation 
t.be  boob  will  be  dropped  into  •  snugly  fitting  bole  in  •  previously  heated 
elvjsir.u*  block  4"  in  dliaUr  end  2-1/2"  thick.  After  •on*  ti*»  (perbap*  cm 
hour)  the  txri)  will  be  filled  out  cf  the  block,  quenched  and  opene< J.  Tlwe 
boot  will  els©  contain  a  saall  Tef lon-coeted  stirring  magnet  which  will  bs 
rotated  during  the  teat. 


» 


) 


In  •  typical  projected  experiment  with  Decalin,  for  exefla,  UN 
following  altuation  night  exist : 


Initial  contents  cf  the  beat;  j  j 

0.79  g  Decal  in  (>  0.89  *1)  ‘  j 

0.1  ml  of  finely  divided  arVil  stirring  nagiiet  j 

ce  2.15  ml  of  0*  at  1  atm  pressure  < 

i 

At  500*7  the  llouid  Deealin  will  constitute  0.76  g  (1  ml)  of  the 
total  aaaint,  and  the  total  pressure  will,  be  89.1  peig. 

The  apparatus  is  completely  sat  up  for  testing,  with  suitable  j 

tenpereture  controller,  and  candidate  metals  and/or  catalysts  are  being 

prepared  for  initial  tests.  Fvwdered  astals  including  7e,  Cu,  304  and  516  j 

stainless  steel,  Ni ,  and  Zn  are  being  reduced  in  a  hydrogen  blanketed  furnace  i 

and  will  be  tried  first.  < 


Modifications  to  the  3D  Fu-1  Coker 

As  was  previously  described,  the  Zenith  pusp  In  the  present  SO 
Coker  system  serves  only  to  aster  the  fuel  and  to  recirculate  it.  Siam  the 
pump  is  of  a  volumatrie  type,  the  flow  rate  is  determined  with  an  electronic 
counter  which  raids  in  tentas  of  an  rpm  the  rotation  of  the  pump  dries  gear. 
(Total  pressure  is  supplied  by  the  sparge  gas.)  With  the  present  Type-8 
Zenith  pump  the  speed  is  oe  4j  rpm  for  delivery  of  6  lb/hour  fuel  flow 
(depending  upon  the  exact  fuel  density),  which  zakes  possible  the  control 
of  flow  to  within  10.5  percent  (2  counts  in  4J0)  ones  the  proper  count  rate 
has  been  established.  This  is  dene  for  each  new  fuel  at  the  beginning  of  a 
run  by  aeaaurlng  the  tine  required  to  collect  50  al  (s^nce  the  pump  is 
volumetric,  the  number  of  counts  is  always  the  same;  429-431  cpm).  The 
precision  of  the  riov  control  system  thereafter  is  dependent  cm  the  assuaptlcm 
that  the  pressur*  drop  acroes  the  pump  reaalna  relatively  constant.  Which  Is 
trus  unless  abnrjraally  high  filter  plugging  develops,  tots  there  is  no  filter 
Plugging,  the  hrsssuro  developed  by  the  pump  Is  just  the  — qi  system  flow 
resistance  ascunting  to  a  ftw  inches  of  water  pressure  drop.  Generally,  the 
snail  build-up  of  pressure  drop  during  a  run  has  an  Insignificant  effect  on 
pump  slippage  or  efficiency. 

However,  with  the  electronic  monitoring  system  alone,  once  the  run 
is  is  process  it  hss  been  lspoeslble  to  get  a  direct  flow  measurement  (because 
the  entire  recycle  flow  systee  is  under  system  pressure).  On  rare  occasions 
where  extreme  filter  plugging  occurred,  reduced  flow  became  apparent  ufata 
reduced  prebeater  power  requireaeot*  were  observed,  in  which  case  the  run  was 
either  terminated  or  the  jusp  speed  was  compensated  to  restore  normal  power 
requirements. 
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To  rwJy  tM •  praties  w  have  now  lniuilt^  •  f*.  echvr-Rorter  MlOvI 
bOAtt>65A  HcUatV*r  with  a  atalr.lves  ate*l  ball.  The  n.bb*r  mr  ela  war* 
replaced  with  T * f  1  cr-.,  an J  all  surfaces  In  contact  *rl Ui  Uw  f\*  1  are  •  1 t-N* r 
atainl***  cr  T*flcn.  IT*  ruUwUr  can  b*  safaly  operate* I  Vo  500  pci (  and  1  • 
equlpp-d  a  safety  aht*M.  Ali!->«.XL£h  the  acale  can  be  read  to  .05  on  a 

0  to  ipiaal,  we  cr.ly  u*a  Ua  rotxi*t*r  u  a  vituai  fl-w  *-citor.  If  the 
flow  acre  to  deviate  algnlf  Icartly  from  the  control  aattir^,  pump  a  pa-ad  would 
be  varied  to  reatora  it. 


mter  tom  nusmliiA 

The  praeent  SD  Fuel  Ccier  require#  abo.t  *50  ml  par  t—st .  Thl e 
r*Nulremcnt  la  largely  dua  to  the  Fas  boro  1/p  call  umed  for  measuring  filter 
p  re  a  aura  drop.  Since  rape ri mental  fuels  are  frequently  In  abort  supply, 
hive  decided  to  reduce  thla  requirement  to  an  absolute  ainiau*  by  replacing 
the  d/p  cell  with  a  Model  FL260TC-15-J5O  Stathaa  Differential  Pressure 
Transducer.  The  present  double  pen  prirton  a?  and  P  recorder  will  be  replaced 
with  a  Model  UR5  Stathaa  Analog  Readout  and  O-tOO  pmig  Durmga**.  All  natale 
are  etainleae  ateal.  The  trar.ed--.ee r  la  food  for  1000  pelf  rtatic  pressure 
and  ranged  for  15  pelf  aulaua  differential  prear.re.  There  la  provision  for 
a  larfe  differential  overpreaaure  aafety  margin. 

Equilibration  gas  sparging  will  be  accomplished  in  a  eeparate 
sparge  and  dl merge ge men t  tube.  (Currently,  re-equilibration  la  being 
accompli  abed  via  a  bubbler  In  one  aide  of  the  d/p  cell.)  Kit  even  with  thla 
tube  it  la  hoped  to  be  able  to  (et  by  with  aa  little  aa  125  *1  per  teat. 

Surface  preparation 

Accent  work  by  R.  M.  Schiraar9*)  haa  shewn  that  deposits  fora 
preferentially  at  the  raffed  edge a  cf  scratches  an  tha  tube  surface,  augge st¬ 
ing  that  surfbee  roughness  any  not  only  affect  tha  appearance  of  the  tuba 
with  respect  to  visual  rating,  but  tha  actual  amount  of  deposits  formed  aa 
well.  We  have  therefore  determined  to  exercise  increased  care  in  the  prepar¬ 
ation  of  the  tube  surfaces,  and  have  installed  a  new  lathe  In  the  lab  to 
assist  in  tha  accompli shasnt  of  this  aim.  Tha  convenient  location  of  the 
lathe  will  also  result  in  time  savings  over  tha  usa  of  shop  lathes  as  wall 
as  reducing  the  possibility  of  contamination. 

Coker  Tube  Surface  Temperature  Measurener.ts 

The  formation  of  the  tube  deposits  is  believed  to  be  sore  clomely 
related  to  surface  teapsratures  than  to  the  liquid  bulk  temperature.  There¬ 
fore,  as  a  further  aid  to  tha  interpretation  of  eoter  date,  w»  have  begun 
ordering  coter  tubes  with  a  chroma  1/eluacl  thermocouple  installed  an  the 
Inner  surface  of  the  tube  wall.  However,  presently  this  is  Just  for 
observation  purposes,  and  tha  preheater  temperature  control  la  on  the 
preheater  fluid  effluent,  in  the  conventional  way. 

Hectrcw  Microscopic  Eyaadnatlw,  of  t  Piumd  TUc; 

Because  of  tbslr  purity,  almost  nune  of  thu  candidate  endothermic 
fuels  are  United  In  thermal  stability  by  filter  plugging.  Another  reason 
for  this  absence  of  filter  plugging  is  that  often  the  taryiratures  la  the 
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preheeter  and  filter  are  above  the  toiling  point  and  the  fvei  Uiro>-<!i 

the  filter  a*  •  vapor. 

When  filter  pl-gging  does  occur,  there  la  -f  ten  turn  **  to 

whether  t**»  test  fu«l  Is  the  source  -f  t.*e  tel id  setter,  or  whether  VS*  fell 
i  ct-rr!  sooe  debris  „r  deposits  frvn  t--.e  syrtea  rot  renewed  In  clearing. 
Ci/,  there  is  «  ;u«tti  r-  *3  to  v*  ether  plugging  ia  >1 -a  to  foal  osidatice  or 
tv  kiwr.titi'x.s  ispuritiea  introduced  with  th*  foal. 

V»  ware  st  isolated  by  the  excellent  vor*  of  R.  H.  Seftlnoar  cm  th* 
aorphoi oqt  of  fuel  deposits'''*'  to  gear,  a  coker  filter  under  Us*  aieetren 
nicrosccp*  lr.  search  of  does  for  flitrr  plugging.  7h*  filter  ia  a  eenven- 
ti or 41  *}  aicron  (nossin&l)  pere  sire,  sirtered  stainless  steel  uon.irtruc'ti  a. 
Photographs  were  of  a  filter  free,  a  r»r.  with  fnEIllIfli?'  at  625*F  and 

l^C  psig  where  the  had  increased  to  ca  JC*  Hg;  t.-at  ia,  tr.e  filter  was 

alasat  completely  plugged.  . nd  e  r  Uses*  carditlcs-.#  the  cHiXLGTXE  would  b* 
sainly  in  Use  liquid  condition.  7be  Instrusner.t  used  for  this  work  via  a 
.'•pan  Electron  Optical  Labc-ratori»s  Scanning  Electron  Microscope,  and  the 
sample  was  first  given  a  thin  gold  overlay  before  *cv.c ir.g.  rh.vt.-'grepfcle 
results  are  snevn  lr.  fir-re  tu.  are  at  sagr.ificatior.a  cf  %Cx,  lOCCx, 

5000s,  and  10,000s.*' 

the  large  round  mounds  In  the  center  of  a  and  b  Fi £tre  re,  are 

granules  cf  the  stainless  steel  filter,  overlayed  with  an  apparently  con¬ 

gealed  d«-pc«it.  An  enlargement  cf  the  structure  of  this  deposit  is  shown 
In  _c  and  of  figure  lo.  the  sh.ot  in  £  at  10,  OOOx  is  the  edge  of  one  cf 
the” holes  shewn  in  c,  and  d.  It  was  t..e  -colter.  deposit  which  aircst  tcUily 
scaled  eff  the  filter,  the  large  resincus  looiting  chunks  of  cate  rial  in  £ 
epp-ar  to  be  broken  off  frers  serse  place  *  Ise  in  the  system  and  then  carried 
in  th*  ktreaa  to  the  filter.  Other  ferns  -f  detrir  ar.d  unidentified  par¬ 
ticles  are  obrervable  in  %,  probably  partly  frea  Uve  original  fuel. 


a;  PNctcgraph*  were  taken  by  R.  G.  Meisenfceiaer  of  the  Analytical  iepartaent. 
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SM*\  of  a  V^ropit  lv*  Fxchar,:?r  for  Application 

P*v*lcrcrr.t  of  a  Hra*  Truafer  Correlation 

One  of  the  noir  term  applications  of  Air  Force  programs  on  vapor¬ 
izing  »nd  endoth-rmlc  fu-ls  Involves  utilization  of  superscnic  combustion 
ramjet  engines  for  powering  misail-s.  Present  plant  contemplate  using  only 
the  latent  and  sensible  h»at  capacity  ».f  the  fuel  for  cooling  the  engine. 
Under  the  current  contract  tf/>  behavior  of  candidate  fuelt  are  being  invert!* 
gated  both  analytically  and  experimentally. 

In  order  to  arrive  at  the  optimum  design  of  experimental  equipment 
a  on«-dir*nslcnal  computer  rod  el  has  teen  developed  to  be  used  in  predicting 
the  effect  of  geometric  and  experimental  variables  on  heat  transfer  and 
profiles  of  pressure  and  temperature.  Fuel  is  assumed  to  flow  through  a 
cylindrical  heat  exchanger  and  absorb  heat  prior  to  injection  into  the 
combustion  chamber.  The  computer  program  predicts  the  pressure  and  tempera* 
ture  profiles  of  the  fuel.  Past  calculations1®'  have  snown  the  na.d  for  an 
improved  correlation  In  predicting  film  beat  transfer  coefficients  in  the 
liquid  phase  and  critical  region-  Current  work  is  directed  toward  developing 
a  correlation  based  on  data  from  the  FSSTR. 

Experimental  film  heat  transfer  coefficients  were  determined  in 
the  following  manner.  Data  from,  the  FS3TR  consisted  of  the  initial  pressure 
and  temperature  of  the  fuel,  fuel  mass  flux,  heat  flux  profile  along  the 
wall,  and  outside  wall  temperatures  at  various  points.  Inside  vail  tempera¬ 
tures  were  determined  from  the  conduction  equation  through  a  cylindrical 
wall.  The  fuel  pressure  and  bulk  temperature  at  various  points  were  deter¬ 
mined  by  using  the  computer  model  for  the  heat  exchanger.  The  temperature 
differences  between  the  inside  wall  and  bulk  fluid  were  used  alcng  with  the 
heat  flux  to  determine  the  experimental  heat  transfer  coefficients. 

Regression  analysis  was  used  to  determine  the  effect  of  different 
variables  on  the  heat  transfer  coefficient.  The  heat  transfer  coefficient 
vaa  cast  as  a  Nusselt  number  based  on  fluid  properties  at  either  the  bulk, 
average  film,  or  wall  temperature.  The  variables  were  combined  into  dimtn- 
•infers  Reynolds  r»— w*r,  Prandtl  number,  ah'*  ratios  of  viscosity, 

da.:i :  v  1  temperature.  ‘  __ 

The  experimental  data  correlated  were  recorded  during  the  high  heat 
flux  runs  with  MCH  in  the  26. 5  mil  diameter  tube.  Heat  fluxes  varied  from 
2  x  10*  to  6  x  10®  Btu/ft*-hr  and  mass  flow  rates  from  31  to  77  lb /hr.  MCH 
conditions  were  628  to  933  psla  and  80  to  636*F  (mostly  subcrltical).  Inside 
wall  temperatures  varied  from  162  to  813 *F. 

The  only  significant  variables  were  found  to  bo  the  Reynolds  and 
Prandtl  numbers.  The  fluid  properties  at  a  mean  film  temperature  provided 
the  best  correlation. 

NUf  -  0.000595  Ref1,0*1*0,0*1Prf0,7*#*0*°*T  (l) 

where  Mu  ■  Muse# It  number 
Re  •  Reynolds  nusfeer 
Pr  >  Prandtl  number 
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."..bocript  f  refers  to  fluid  properties  at  t  he  mean  f  I  Its  temperature 


(2) 


where  T<-  •  mean  film  temperature 
Ib  mean  bulk  tec-pr  nature 
Tw  •  inside  wail  temperature 

The  viscosity,  density  and  temperature  ratios  did  not  improve  the  correlation 
significantly.  The  effect  of  axial  distance  was  negligible. 

The  correlating  equation  is  plotted  :n  Figure  6?.  The  data  have 
very  little  scatter  about  this  equation;  much  less  than  about  the  standard 
correlations2*'  shewn  in  Figures  t-6  ar.d  o7. 


NUf  -  0.025  Irj*-4 

(5) 

l  /  U) 

a  0  •  14 

Nub  .  0.02J  Reb°*9Prb3  (  ~ 

■) 

<«0 

where  u  «  fluid  viscosity 

and  subscripts  b  and  w  refer,  respectively  to  the  fluid  properties  at  the 
mean  bulk  temperature  and  the  inside  wall  temperature.  The  errors  associated 
with  the  correlations  are  listed  in  Table  113.  The  derived  correlation  has 
by  far  the  best  agreement  -.th  the  experimental  data  and  their  slope.  The 
Dittua-Boelter  correlation  is  not  far  from  the  experimental  data,  but 
Figure  66  indicates  that  the  slope  for  the  correlation,  which  is  a  combina¬ 
tion  of  the  exponents  on  Rep  and  Prp,  has  the  wrong  value.  For  the  Sieder- 
Tate  correlation  both  the  curve  and  its  slipe  differ  appreciably  from  the 
experimental  data.  Hence  the  derived  correlation  is  more  suitable  for 
estimating  heat  transfer  coefficients.  Current  heat  transfer  data  for 
Decal in  and  SHELIDYNE-H  are  being  analyzed  to  check  the  correlation  for 
other  hydrocarbons  and  modify  it  if  necessary. 

Table  lit.  HEAT  TRANSFER  CORRELATIONS 

HSUSBSM 

Correlation  Log  Standard  Error 

Derived  0.092 

Dittua-Boelter  0.235 

Sieder-Tate  Q.>72 

Reaction  Kinetics  of  Decalln  Dehydrogenation 

Development  of  a  Kinetic  Model 

Dehydrogenation  of  naphthenes  is  the  most  promising  endothermic 
reaction  for  fuel  cooling.  Currently  MCH  and  Decalin  are  the  fuels  studied 
sort  extensively  of  these  fuel  candidates  which  undergo  dehydrogenation. 
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The  d^hydrog-r.ati.r.  rvaeli  .n  for  F*CH  h as^t<*er.  invest '..:«t<»d  suff  Icier  tiy  that 
its  kir.etic  behavior  can  be  predict*!.10'  Vere  recently  an  analysis  r.as  beer 
attempted  cn  bench  scale  data  for  Decalin  dehydrogenation  in  order  to  deter- 
sine  a  kinetic  n*»l  for  this  reaction. 

The  dehydrogenation  of  >dCH  ia  *  single  reaction  step,  MCH  fuming 
toluene  and  hydrogen.  However,  the  dehydrogenation  of  Decalin  is  cere 
complex.  Decalin  ia  composed  of  two  isomers  of  cis-  and  trans-fora.  There 
ieooers  both  dehydrcfenate  and  isoraerise  at  significant  rates.  Ti>e  dehydro¬ 
genation  proceeds  by  two  step*  from  each  isomer  to  fora  the  intermediate 
tetralin,  along  with  hydrogen,  and  the  final  product  naphthalene,  also  vitn 
hydrogen.  A  diagram  of  the  reaction  system  is  shewn  below; 


60  =  CO 

♦  3  Ha  ♦  5  Ha 


t 

i 

i 


» 


t 

i 


!» 


•  ^ 


Re  action  System  for  Decalin  Dehydrogenation 


Bench-scale  data  were  available  for  pressures  of  10  to  25  atm  and 
temperature*  of  667  to  791*F.  Feeds  were  composed  of  Decalin  and  tetralin 
and  varied  in  composition.  Some  feeds  consisted  of  each  isomer  and  tetralin 
in  almost  pure  form.  Other  feeds  were  mixtures  of  these  components  in 
various  ratios. 

A  kinetic  model  with  steps  first  order  in  the  hydrocarbon  was 
applied  to  the  data. 


dc 


“df  - '  '  v-\d  *  *-*ph3ct 


dc. 


1?  -  klCm  *  *  k-sP^ 


"cD 


tD 


'tD' 


KH  T 


"dt  "  k*°cD  *  kaCtD  "  ^pH3  *  k“3PH3  *  k4',CT  *  k“4PH*CN 


dcu 

_u 


k«CT  “  k-aPu2^. 


where  CT  •*  concentration  of  species  I 
m  rate  coefficients  for  forw 
•  time 

tnd  tbs  literal  subscripts  indicate  the  following  hydrocarbons ; 


(3) 

(6) 

(7) 

(8) 


k.,k.t  «  rate  coefficients  for  forward  and  reverse  rates  of  step  J 
tJ  -  time 
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Since  the  tr.e  rcod  yr.  ami  cs  of  t:.<'  syst-m  are  well  known,  the  reversible  reac* 
tier,  steps  ear.  be  included  ir.  t:.e  Kinetic  parameters.  Also,  tr.e  der.ydroger.a- 
ticn  to  napntnalene  is  equlliuri  ,m  United  at  tr.e  lower  reaction  temperatures. 
Arrhenius  type  rate  coefficients  were  assumed  for  each  forward  step: 


k  ,  <=  A  .  exp 

v  J 


H) 


where  At,?,  <=  rate  parameters 

P*  J  «  universal  gas  constant 
X  =  absolute  temperature 

The  rate  coefficient  is  then  giver,  by 


■J  K. 
*/ 


where  K ,  *  equilibrium,  constant  for  step  j 
J 


/  AH  •  AS i  \ 

Kj '  “p  “  *  V  j 


where  the  equilibrium,  parameter?  are 

AH}  =  er.tr.alpy  of  resetier  for  step  j 
ASj  *  enthropy  of  reaction  for  ~b,vo  .J 

The  modei  was  fitted  by  regression  analysis.  The  four  reactions 
<u.U  equations  reduced  to  tr.ree  independent  cr.es.  Errors  in  predicted 
conversions  for  the  three  independent  reactions  ‘were  used  to  determine  an 
error  sum  of  squares;  this  va3  minimized  to  determine  the  kinetic  parameters. 

The  results  of  the  regression  analysis  are  given  in  Table  lilt  as 
kinetic  parameters  for  each  reaction  step.  Equilibrium  parameters  for  each 
step  are  also  given.  The  temperature  coefficients  for  stept  2  to  A  are  high 
if  these  are  considered  as  activation  energies.  For  tr.e  dehydrogenation  of 
tetralin  this  is  mi' oh  higher  than  wr.at  'would  oe  expected  for  such  a  strained 
sclecule.  An  explanation  for  these  high  values  can  be  found  in  the  fact  that 
the  minimum  error  sum  of  squares  was  not  well  defined.  The  two  kinetic 
parameters  for  each  step  were  highly  coupled  and  could  be  varied  such  that  the 
aua  of  squares  was  somewhat  insensitive  to  the  change.  The  degree  of 
coupling  between  each  pair  of  parameters  can  be  reduced  if  data  could  be 
obtained  over  a  wider  temperature  range.  The  coupling  is  also  due  to 
inaccuracy  in  the  data.  Calculated  parameters  for  a  kiaetic  model  are  always 
sensitive  to  errors  in  the  experimental  data.  However,  conversions  predicted 
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Table  114.  EQUILIBRIUM  AND  KI.'TTIC  PARAMETERS 
FOR  l  1C  ALIN  DEHUrPOGEN'AIlQN' 

Equilibrium  Constants:  Kj  *  exp(-  AHj/RT  ♦  aSj/P) 

Rate  coefficient  of  foward  step:  kj  =  A(  exp(-vBj/RT) 

Rate  coefficient  of  reverse  step:  k.j  «=  &j/Kj 


Reaction  Step  J 

Units 
of  Kj 

Equilibrium  parameters 

Kinetic  Parameters 

[1CT3  (aHj/R)] 

*R 

(ASj/S) 

V 

Aj,  hr"1 

10-3  (Bj/R), 

1. 

cD  £  tD 

None 

-2.82 

-0.31 

323 

0.4 

2. 

cD  2  T  ♦  3Ha 

Atr3 

W.33 

52.20 

272 

67.9 

3- 

tD  Z  T  ♦  3Ha 

Atm3 

51.15 

52.51 

110 

57.9 

4. 

T  2  H  ♦  2H* 

Ata* 

26.91 

28.93 

2840 

27.7 
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by  a  kinetic  model  are  rati.er  ir.ser.jItlY**  bo  orrcrs  in  the  model,  If  t:.e 
r*  acll.r.  eur.d wT  I..I:.  r  e  ■  ,f  experimental  c or-Jiti-rs  used  V- 
.jatr.°r  data  f^r  t..c  ...cxlel.  In  vl*  v  tr.Is,  the  above  model  for  le-calin 
d *•  r.y 4 rug*, nation  should  only  be  us-.'O  i  ,r  pressures  and  temperatures  Ir.  the 
rang"  of  th.se  used  In  the  experiments  and  should  not  be  extrapolated  beyond 
the cc  conditions .  It  Is  intended  to  apply  the  model  here  developed  to  the 
analysis  *.f  F33TR  results  cm  Decaiiu  -sine  the  packed  bed  reactor  mcoel 
developed  for  MCH  by  substituting  the  appropriate  DecAlin  physical  properties 
for  those  cf  MCH  and  writing  subroutines  for  the.Decalin  kinetic  aocel  to  be 
substituted  for  the  MCH  kinetic  model  subroutines. 

Physical  Properties  Estimation 

C<-nsiderafcle  improvement  has  beer,  made  in  the  physical  properties 
calculation.  Properties  for  Decalir.  ans  JP-5  Jet  fuel  have  been  calculated 
and  are  listed  In  Tables  l^T  to  1U1  of  the  Appendix. 

The  Decalln  properties  are  those  for  an  equimclal  mixture  of  the 
two  isomers.  Properties  of  the  mixture  and  the  pure  isomers  are  very  similar 
with  the  greatest  exception  boir.g  the  liquid  viscosity  at  low  temperatures. 
E.g.,  Table  115  shows  that  trans-Decalin  has  a  viscosity  2.1*  times  that  of 
cis-Deealin  at  -^0*C.  Hoveve-,  the  mixture  is  not  far  from,  either  pure 
component  viscosity.  These  converge  rapidly  as  the  temperature  increases, 
and  there  is  very  little  difference  at  higher  temperatures.  Because  cf  the 
close  similarity  in  properties,  the  equimclal  mixture  properties  probably 
can  be  used  for  those  of  ar.y  mixture  cr  pure  component  of  Decalln. 

L*bie_nx-^yQSHY 


Temperature, 

•c 

Viscosity,  cp 

trans-Decalln 

Equimclal 
Decal in  Mixture 

cis-Decalin 

•UQ 

9.96 

15.50 

25.5 

-20 

5.56 

7.57 

10.66 

0 

3-25 

4.50 

5*66 

20 

2.11* 

2.70 

5.41 

1*0 

1.501* 

1.853 

2.25 

60 

1.111* 

1.528 

1.584 

00 

0.861 

1.008 

1.180 

100 

0.688 

0.795 

0.918 

120 

0.565 

0.6U7 

0.740 

1U0 

0.UT5 

0.51*0 

0.614 

160 

0.1*01* 

0.1*59 

0.522 

180 

0.>1*2 

0.595 

0.452 

200 

0.290 

0.5W 

0.599 

Pseud ocritical  methods  were  used  to  calculate  most  of  the  physical 
properties.  First  the  vapor  pressure  and  enthalpy  of  vaporisation  vert 
determined  at  subcritical  temperature.  Then  ideal  gas  properties  were  calcu¬ 
lated  over  the  full  range  of  temperatures.  Next  correlations  vers  used  to 
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'■crrect  for  the  effect  of  pressure  to  obtain  reel  (u  properties.  Liquid 
phese  and  dene#  ^.iw  comlatloru  t  seme  of  these  v# nr  eealtheoretlcel, 
Others  w*r»  »rplrleal  and  required  experimental  data,  Sufficient  data  were 
aval.’ able  In  the  scientific  literature  to  det#t»ln#  Deealln  properties. 

I*,  ta  f  r  * *r»  furnished  by  the  Florida  Research  and  Development  Center 

•  f  Pratt  and  Whitney  Aircraft.  Equations  ured  for  estimating  properties 
are  described  below. 

G»«  Properties 

1.  The  cccrrssalbllltv  factor  wee  determined  by  the  Redllch-Kwong- 
Ackerman  equation  of  state  :4” 

2  •  Zpj,  *  2X  •  .>2,  (12) 

where  2  *  compressibility  factor 

2^  -  compressibility  factor  calculated  by  the  Redllch-Kwong 

equation  cf  state 
w  acentric  factor 

Zv, 2*  -  generalised  functions  of  reduced  pressure  and  temperature 
The  Redllch-Kwong  equation  of  state  is30 ) 

fp  *  - — 1 - 1  (V  -  b)  -  RT  (13) 

L  T*V(V#b)J 

Wtere  P  •  absolute  pressure 

T  •  absolute  temperature 

V  •  volume 

R  •  universal  gas  constant 

a,b  •  functions  of  critical  p feature  and  teaperature 

The  RedllehHCwong-Acaerman  equation  of  state  is  a  generalized  correlation 
which  gives  an  accurate  value  for  the  eonpresaiblllty  factor. 

2.  The  specific  heat  at  constant  presturt  for  an  ideal  gas  ms 
determined  hy  ♦h*  group  contribution  method  of  Rihani-DoraifMmy  :31 ' 

c  «  -  a  ♦  bT  ♦  cT*  V  dl®  (H) 

P 

where  cp°  •  ideal  gas  specific  best 

aft,e,d  »  parameters  determined  by  tbe  addition  of  group  ecntrlbutions 
and  correction  factors 

The  effect  of  preeeure  an  specific  beat  was  determined  by  differentiation  of 
the  preeeure  effect  an  enthalpy. 

3.  Tbe  enthalpy  for  an  ideal  gas  was  found  by  integration  of  tbs 
ideal  %*a  specific  heat. 

,7 

*>  •  -  J  cp°dT  (13) 

9  'To 
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where  If5  *  Ideal  gat  enthalpy 

T°  *  reference  temperature 

The  pressure  effect  yes  calculated  by  a  nodi  fled  for*  of  the  ftedli  oh-Kwcr.g 
equation  of  state:33' 


H  -  H°  •  (H  -  H°)b,(1  -  -F) 


(16) 


where  K  »  er.tnalpy  uf  r<  il  ,;as 

If3  •  enthalpy  uf  Ideal  gas 

(H  *  tf3),^  *  pressure  effect  on  enthalpy  as  '■alculated  by  the 
Redlich-Kwcng  equation  of  state 
F  generalized  function  of  reduced  temperature 


The  Rediich-Kwcng  equation  of  state  for  enthalpy  is 


(H  -  H°) 


RK 


PVCK  *  RT  ~  , 

-K  2R7* 


in 


&) 


(17) 


where  V 


heat  by 


-  volua*  calculated  by  Equation  (1J). 

4.  The  er.trugy  of  an  ideal  gas  was  calculated  frea  the  specific 


S*  -  S° 


'L(?) 


dT 


(18) 


where  S°  *  Ideal  gas  entropy 

The  real  gaa  entrory  was  determined  frets  the  enthalpy  and  Hits  free  energy: 

where  S  »  entropy 

G  •  Gibbs  free  energy 

5*  the  Qlbbs  free  energy  of  an  ideal  gas  was  determined  fra*  the 
enthalpy  and  entropy  by  rearrangement  of  Equation  (19).  The  real  gas  free 
energy  was  calculated  by 


G-G°  •  RT 


/» 


dP 


(19) 


<D 


4 

|  '► 

where  G°  •  Gibbs  free  energy  of  an 
R  •  universal  gas  constant 

P  »  pressure 

Z  *  compressibility  factor 

ideal  gas 
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6.  The  Mt  -  -f  sw:lflj  h£lla  ar  ‘  t.e  *7*  ".'l'  heat  at 
r-l_ne  were  d*>t*ro.i;  ly 


c- 


•  T  (4  («)x 


(20) 

(21) 


vf«,re  7 
c,, 


•  ratio  of  specific  best* 
r  specific  heat  at  constant  voluae 


(^)p,^)  ’  o": 


ivativea  determined  fross  the  Redli ch"R wong  aquation 
state 


7.  The  sonic  velocity  w as  deterainec  by 


u  «  V 
s 


(22) 


vhere  u  *  sonic  velocity 

“  *  molecular  weight 


8.  The  Joule-Thogacn  coefficient  was  calculated  by 


(2?) 


where 


UJT 


(«),* 


'P  '  ”  /  T 

Joule*  rtGnecn  coefficient 

derivative  determined  froo  the  aodified  RedlicWCvong 
equation  of  state 


9.  The  ideal  gas  viscosity  was  est lasted  by  the  Stiel-Thodoe 
corresponding  states  correlation. 33)34) 

n°  -  3.1*0  x  10’®  a  Tr0*94  Tr  <  1.5 

•  1.778  x  10’®  a(l*.58  X,  -  1.67)’/®  Tr  >  1.5 

vtoare  4°  -  ideal  gas  viscosity,  cp 
Tr  ■  reduced  temperature 


(2k) 

(25) 


»  .  £l‘k?£  lrta)»/g 
TcVa  *  WTir 


(26) 


The  Joesi-Stiel-Thodos  correlation,  ”)®°)  based  cn  reduced  density  was  used 
to  determine  the  viscosity  of  a  real  gas: 


-efie- 


k) 


•  •  4  • 


•  • 


ft  < 
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u  •  u°  ♦  1.10  x  10“ f  a[exp(1.584  or)  '  D  Or  c  0<2^  (2T) 

n  -  u°  ♦  10*8  b[2.}12  exp(1.0?9  pr)  -  2*5]  0.26  <  pr  <  1.53  1 20) 
u  -  w°  ♦  104  a{0. 10230  ♦  0.02536k  pP  *  0.056555  Pr* 

-  0.040758  pr3  ♦  0.009352k  pj4)  1.53  <  or  <  3  (29) 

where  u  «  viscosity,  cp 

p  -  reduced  density 

ar  «  parameter  defined  by  Equation  (26). 

10.  The  thermal  conductivity  of  ttn  Ideal  gas  was  estimated  fro* 
the  ideal  gas. viscosity  by  a  correlatior.  that  include*  a  polyatomic 
correction:3*) 

k3  «  Jjp  0.0254345  (^f'j  *  0.013055  (3°) 

where  kP  *  ideal  gaa  thermal  conductivity,  cal/ca-sec-'F 
u°  «  ideal  gaa  viscosity,  cp 

The  pressure  effect  on  the  thermal  conductivity  was  determined  by  the 
Stiel-Tnodos  dense  gas  correlation:37) 

k  *  k°  ♦  1U.0  x  10“®  ^exp( 0.535  Pr)  “  l]  Pr  <  0.5  (3D 

k  -  kP  ♦  13.1  x  10“*  (mZ^J  I  exp(0.67  Pr)  -  I.O69I  0.5  <  pr  <  2.0 

L  J  (32) 

k  -  k°  ♦  2.976  x  10"®  £*xp(  1.155  Pr  ♦  2.01o)J  2.0  <  pr  <  2.8 


where  k  *  therral  conductivity,  cal/cm-sec-'K 
Zc  •  critical  compressibility  factor 
a  «  parameter  defined  by  Equation  (26) 


The  liquid  properties  were  estimated  only  for  a  saturated  liquid 


1.  pa 

correlation:3®) 


was  calculated  by  the  Froet-Kalkvmrf-Thodca 


lapL»*e$eclnTe  "4ar 


4 


•  •  • 


*  v<*€  > 


AfAPl-TR-d?-U4 
Part  III 


where  p,  -  vapor  pressure 

a, b, c,d  •  parameters  determined  by  linear  regression  of  experimental 
vapor  pressures  and  the  critical  pressure. 


2.  The  entha 
equation;30)40)41) 


it'^-n  was  estisited  by  th?  Vat sen 


£&,  -  a(Tc  -  T)°’m 


where  «  enthalpy  cf  vaporiiation 

a  •  parameter  determined  by  linear  regression  of  experimental  data 

At  high  temperature  the  enthalpy  of  vaporization  nay  be  estimated  oy  the 
PitzereChen  correlation:43' 

Tr(7.90  Tr  -  7.82  -  3.088  In  Pvr  ,,6» 

lc  “  1.07  -  7r 

where  •  enthalpy  of  vaporization,  calbgmole 

Tc  «  critical  terapsriture,  *K 

»  reduced  vapor  preasure 

3.  A  cnoice  of  equation*  vaa  available  for  calculating  the  density 
The  Francis  equation  can  be  used  for  low  temperatures: 

p  ■  a  ♦  bT  ♦  (37) 

where  a,b,c,d  ■  parameters  determined  by  multiple  regression  of  experimental 
densities 

At  higher  temperatures  where  experimental  values  are  not  available  the 
density  can  be  calculated  by  the  Guggenheim  equation:33' 

Pr  -  1  ♦  i(l  -  Ty)1/3  ♦  b(l  -  Tr)  (36) 

where  a,b  •  parameters  determined  by  equating  densitiee  and  their  first 
derivatives  from  Equations  (37)  and  (33)  at  some  tempers ture. 

The  Bradford-Thodoa  correlation43)  is  an  alternative  to  either  or  both  of 
the  above  equations; 

Pr  -  1  ♦  #(1  -  Tr)  ♦  b(l  -  Tr)*  ♦  c(l  -  Tr)°,s*  (39) 

wtoere  a,b,c  »  parameters  determined  by  nnltiple  regression  of  experimental 

data 

A.  The  specific  heat  at  constant  pressure  was  determined  by 
differentiation  of  Equation  (36)  and  subtraction  fra*  the  specific  beat  of 
the  saturated  gas: 


°h.  *  crc 


_  d(AHr) 


-2$*- 


•  • 
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5.  The  enthalpy  was  found  by  the  difference  between  the  enthalpy 
saturated  gag  and  the  enthalpy  of  vaporization: 


Kl  -  «o  *  (U1 

6.  The  viscosity  was  calculated  by  the  Girifalco  equation44^  at 
low  temperat  -es: 

lnw«a>Y*pP 

where  a,b,  c  «  parameters  determined  by  linear  regression  of  experimental 
viscosities 

Equation  (42)  gives  substantially  the  same  correlation  as  ASTM  D54l->$ 
viscosity-temperature  chart.  At  higher  temperatures  the  Joesi-Stiel-Ihodoe 
dense  phase  correlation,  Equations  (23)  and  (30),  was  used  to  predict 
viscosities. 

7.  The  thermal  conauctivity  was  estimated  by  the  Robbins-Klngrea 
correlation44'  at  low  temperatures: 


10*3  c. 


5.0  -  4.94  H)  o4/3 


where  XL  *  liquid  thermal  conductivity,  cal  'cm-sec-’K 
Cp  *  liquid  heat  capacity,  cal/gmole-*K 
0  •  liquid  density,  gmole/cvr* 

H,N  »  Robbins-Klngrea  parameters 

AS*  -  modified  Everett  entropy  of  vaporization,  cal/gmole-'K 


where  AHyb  *  enthalpy  of  vaporization  at  the  normal  boiling  point 
Tb  «  normal  boiling  point,  *K 

At  temperatures  near  the  critical  point  the  Stiel-Tbodo*  correlation. 

Equations  (32)  to  (J4),  was  sometimes  used. 

The  Prediction  of  Autoli.iltlcn  Temperatures  of  Jet  Fuels 
and  of  Pure  Naphthenes  *  * 

A  fuel  property  of  interest  to  aircraft  engine  designers,  bu*  one 
which  is  frequently  not  available,  is  the  spontaneous  ignition  or  autoignition 
temperature  (AIT),  defined  as  the  lowest  temperature  at  which  the  fuel  wil* 
autogenous ly  ignite. 

Unfortunately,  this  temperature  is  not  a  pure  physico-chemical 
property  of  the  fuel,  but  is  influenced  by  the  particular  experimental 
apparatus  employed  in  its  determination.  Host  generally,  this  is  done  by 
introducing  the  fuel  dropwise  into  a  container  at  a  controlled  temperature. 
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In  addition  to  the  physical  and  ciiemical  properties  of  the  fuel,  the  All  is 
influenced  by  pressure,  type  and  condition  of  the  wall  surface,  and  sice  and 
shape  of  the  combustion  chamber.  However,  AIT*3  determined  in  the  same  or 
similar  apparatus  serve  as  a  useful  index  to  combustion  performance, 
re-ignition  characteristics,  and  flame-out  tendencies.  Perhaps  because  the 
All's  of  Jet  fuels  fall  within  reasonably  narrow  limits,  tney  are  not 
Included  as  a  part  of  standard  fuel  specifications. 


The  AIT  of  a  fuel  nay  be  expected  to  depend  upon  both  its  volatil¬ 
ity,  which  influences  the  formation  of  a  combustible  rixture,  and  upon  its 
reactiv'ty  with  oxygen.  These  considerations  led  to  an  attempt  to  correlate 
AIT  with  Flash  Point  (FP),  which  is  generally  taken  as  a  measure  cf  volatil¬ 
ity  and  with  the  lower  limit  of  combustion,  defined  as  the  percent  hydro¬ 
carbon  in  the  limiting  igr.itable  fuel/ai*  mixture  (LL). 

To  test  this  relationship,  a  regression  analysis  of  AIT  with  FP 
and  LL  data  for  several  Jet  fuels  (JP's)  and  fuel  oils  was  attempted. 
SHEUDYKE-H  v*a  Included  because  of  a  special  interest  in  this  l^drocarbon, 
and  to  see  if  a  material  of  this  type  would  correlate  with  other  commercial 
fuels  relative  to  AIT,  FP,  and  LL  properties.  The  following  equation  was 
found  to  give  an  excellent  fit  of  the  experimental  data; 

AIT  -  1625  (LL  -  0.6659)*  -  4.065  x  103  (FP  -  144.5)*  ♦  464.7  (*5) 


A a  shown  in  Table  116.  the  agreement  between  experimental  and 
predicted  AIT  values  is  excellent.  Unfortunately,  however,  LL  and  FP  data 
are  not  always  available  for  fuels  and  hydrocarbons  of  interest.  We  have 
therefore  endeavored  to  express  AIT  in  terms  of  other  properties  viiich  might 
be  store  available. 

Since  FP  and  LL  can  be  estimated08)  free  such  properties  as  heat  of 
combustion,  qn,  (Btu/lb),  molecular  weight,  M,  normal  boiling  point,  tj,  ( *F), 
and  ASTM  10  percent  slope,  s,  it  was  decided  to  substitute  the  expressions 
for  these  estimates  directly  into  (45); 


AIT  -  1625  (1.8?  x  10°/q_  x  M  -  0.06695)* 


A. 065  x  10*3 


(**  0.11*2  ♦ 


86. 2 


212 


-  b'.oli" 


V1 


-  144.5 


(46) 


Predictions  based  on  (46)  are  also  tabul-ted  in  Table  116.  but  were 
found  generally  less  satisfactory  than  those  from  <U5),  and  is  acme  instances 
to  b«  rather  poor. 


In  a  third  attempt,  a  correlation  of  AIT  wes  *.un  directly  with  t^ 
M  and  s.  This  regression  yielded  (1*7),  from  which  estimates  of  AIT  were 
found  to  be  as  good  or  better  than  those  from  (45)  (Tabit  116). 

AIT  -  (l/qn)(uo,700  -  296,300/q„  ♦  105.4  x  10*/M )  ♦  0.9863  tjj  -  7.8l7/s 

where  q^  is  now  net  be«  of  costousticn  in  Btu/lb  x  10*3.  ^ 

Table  116  summarises  all  tbs  remits  plus  the  experimental  data 
from  which  the  correlation  equations  were  derived. 
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An  attempt  to  find  a  similar  relationship  to  predict  the  AIT  of 
pure  naphthenes  has  b*->n  only  partially  successful.  Ir.  this  instance,  a 
regression  analysis  study  relating  AIT  to  boiling  point,  net  heat  of 
combustion,  aoiecular  weight,  and  the  lean  limit  of  eoafcustion  resulted  in  a 
standard  error  of  eatiaate  of  55*F#  which  is  a  magnitude  error  of  abtxt  6 
percent.  In  ccnetrast,  autoignition  t€5peratur»o  for  vide  boiling  range  fuels 
above  vers  » — J  to  within  1  percent.  The  best  fit  ccrrtiaticn  equation  for 
naphthenes  is  as  follows; 

AIT  •  8.568  *  lO*4^  -  18,521)*  ♦  168.95  U*  -  0.0170k  ^  ♦  2.076  ^  -  111. 56 

m 

Where  Qp  •  net  heat  of  coebustlon,  Btu/lb 

LL  «  lean  combustion  liait,  percent  fuel  in  air 

M  «  aoiecular  weight 

tjj  «  noraal  boiling  point,  *T 

The  agreement  of  the  sstiantea  from  Equation  (U8)  are  shown  in 

The  regresaian  was  run  an  the  first  twelve  confounds,  all  data 
being  from  the  literature.47)4*)49)  SHF U5THE-H  autoigniticn  temperature 
was  predicted  rather  poo.-ly,  indicating  that  it  does  not  behave  like  a 
typical  naphthene.  The  experimental  value  for  SHELLDTXE-H  was  determined 
at  Emeryville. 

It  la  most  probable  that  the  agreeaent  between  experimental  and 
predicted  AIT  values  shown  in  Table  117  is  Halted  aore  by  the  inconsistency 
of  the  experimental  data  than  by  an  actual  inability  of  the  selected  vari¬ 
ables  to  predict  ignition  teaperatures,  the  data  having  com  from  a  variety 
of  different  sources  and  axperiaenters.  However,  we  had  wondered  if 
systematic  errors,  such  as  with  increasing  aoiecular  weight,  might  be 
Involved.  To  the  contrary,  the  aIT  Residuals  (prediction  deviations  from 
experimental)  showed  no  consistent  pattern  when  plotted  versus  M,  and  the 
scatter  about  the  *»5*  line  for  the  plot  of  experimental  versus  predicted 
values  gave  a  random  pattern  (Figure  68). 

If  data  In  sufficient  quantity  could  be  obtained  from  a  single 
apparatus,  no  doubt  a  good  correlation  could  be  obtained.  We  hope  to  do 
soae  further  work  on  this  problem  in  the  future,  extending  it  to  other 
hydrocarbon  types. 

PrcttM*rt  flgmaSigi 

In  the  last  annual  report  we  included  a  considerable  anount  of  data 
on  a  number  of  high  molecular  possible  fuel  candidates  such  as  SHEHDTHE, 
SHnXDYME-H  EH)  and  so  forth.  In  order  to  get  sufficient  hydrocarbon  into  the 
reaction  sens  for  these  high  molecular  weight  aaterlals  it  was  necessary  to 
hast  the  tuba  and  the  storage  bottle  ate.  up  to  80*C,  which  was  the  limit  of 
the  capability  of  the  beating  system  that  we  then  had  on  the  tuba.  This  was 
somewhat  marginal  from  the  standpoint  of  the  vapor  pressure  of  the  components 
of  interest.  When  the  heating  system  burned  out,  we  took  advantage  of  the 
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Kaphthene 


Cyclo-Cs 

Cyclo-C5 

Cyclo-Co 

Et-Cyclo-Co 

Me-Cyclo-Cs 

Me-Cyclo-Ce 

Et-Cyclo-Ca 

Et-Cyclo-Co 

Decalln 

Dl-Et-CH 

El-CH 


18,25* 
18,825 
18,676 
18,516 
18,768 
18,61*2 
18,730 
18,661 
18,32* 
18,650 
18, *00 


Di-Me-Decalin  18,238 


SHEUDYNE-H  17,983 


a)  Fro*  Equation  (*8 


LL,  i 

M,  aol  vt 
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Figure  68.  IGNITION  TEMPERATURES  Of  NAPHTHENES 

a)  Agreement  of  Estimates  with  Experiment* i  Values 

b)  AIT  Residuals  as  a  Function  of  Molecular  Weight 
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situction  ind  improved  the  thermal  capability  of  the  oyetem  when  we  re-wrrked 
it  «o  tnat  we  could  raise  the  ambient  temperature  to  1JQ*C.  Because  of  the 
thermal  expa insicn  of  the  tube  under  these  conditions,  it  was  necessary  to 
"float"  the  downstream  end  <-f  the  tube  along  with  the  infrared  detection 
system  and  the  pressure  pick  up  in  order  to  avoid  misalignment  as  the  tube 
heated  up.  It  was  also  necessary,  for  ether  reasons,  to  replace  the  indium 
actiaonide  infrared  detector.  We  also  have  had  the  tube  re-rated  from  a 
pressure  standpoint  co  that  we  could  investigate  the  pres  cure  region  up  to 
100  psi.  Although  soae  test  runs  have  been  dene  with  the  new  system, 
completely  satisfactory  operation  has  net  yet  been  achieved,  and  we  have  no 
new  data  at  the  higher  temperature  and  presrure  conditions  that  can  be 
usefully  discussed. 

Oxidative  Reaction  pates*) 

One  setter  of  considerable  interest  is  the  rate  at  which  fuels 
combust  in  a  supersonic  flow  field  since  this  will  affect  engine  dimensions 
critically.  Accordingly  the  data  we  have  obtained  in  the  past  cn  two  hydro¬ 
carbons  of  widely  different  characteristics,  n-octane  and  SKZLLDYNE-B,  were 
analyzed  from  this  point  of  view. 

In  the  examination  of  the  post-ignition  appearance  of  COa  it  was 
found  that  the  initial  rate  of  appearance  (over  at  least  the  first  100-J00 
nsec)  following  ignition  may  be  described  by: 

R  *  k(C*-C) 

where  C*  is  the  ultimate  (total  combustion)  concentration  of  COa  and  C,  the 
current  value.  The  rate  constant,  k,  was  found  to  be  relatively  insensitive 
to  temperature,  with  an  activation  energy  of  abcut  7  kcal/aole  or  less;  and 
has  a  value  of  103  sec“i  in  the  middle  of  the  temperature  range  studied 
(ca  2000*F).  No  significant  effect  of  oxygen  concentration  on  this  rate  was 
found.  Data  obtained  tor  C02  formation  from  n-octane  are  shown  in  Figure  69. 
The  most  significant  observation  here  is  the  low  activation  energy  for  poat- 
ignltian  combustion.  The  indication  is  that  combustion  proceeds  at  a  rate 
nearly  independent  of  temperature,  after  ignition,  and  that  a  matter  of 
several  milliseconds  will  be  required  for  relatively  complete  combustion. 

It  should  be  pointed  out  that  these  results  are  limited  to  quite  lean  mixtures, 
however;  hence  the  conclusion  may  not  be  safely  extrapolated  to  near  stoich¬ 
iometric  conditions.  Also,  the  effect  of  pressure  in  the  reaction  na*  not 
been  adequately  explored. 

Similar,  but  more  limited,  data  are  shown  for  SHELLDYNE-H  in 
Figure  70.  Although  the  data  points  are  quite  scattered  the  rate  of  combus¬ 
tion  and  the  temperature  coefficient  appear  to  be  of  the  same  order  of  magni¬ 
tude  as  for  n-octane.  This  suggests  that,  as  thought  by  Orr53'  and 
Levinson,5*)  the  initial  reaction  of  both  hydrocarbons  Involves  thermal 
cracking  to  olefins  and  hydrogen.  The  rate  determining  step  for  oxidation 
Is  considered  to  be 


H  ♦  0* 


OH  ♦  0 


We  are  pleased  to  acknowledge  the  assistance  of  our  colleagues,  Drs.  B.  £. 
Ambus  and  J.  0.  L.  Wendt,  la  connection  with  this  and  the  subsequent 
section. 
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with  the  H  at ocs  talc*  produced  ait her  directly  fraa  cracking  ok  the  hydro* 


carbon  or  by  tna  reactions  of 

He  ♦  0*  — — >  2  OH 

(51) 

OH  ♦  He  - >  KjO  -  H 

(52) 

The  rata  constant  for  (50)  la  quoted  to  ba  5  x  103  eee“x  at  about  Ifloo’p 
which  la  reasonably  close  to  th«  observed  rata  of  oxidation  of  tha  fcyiro* 
carbons.  Since  tha  hydrocarbon  c-eckate  would  influence  tha  rato  b7  reacting 
with  fraa  H  it  seems  reasonable  that  two  hydrocarbons  of  such  diverse  rtruc- 
tura  could  crack  to  fragments  of  similar  charactariatica.  Vt  plan  to  do  some 
additional  work  on  this  and  similar  ays tea*  with  improved  inatruaactatlcxi 
and  under  attended  pressure  conditions,  obtaining  data  aiao  under  a  greater 
variety  of  conditions  and  with  oxidation  catalysts  present. 

Attenuation  in  the  Shock  Tuba 

Because  of  the  demonstrated  sensitivity  of  ignition  delay  correla¬ 
tions  cn  the  assumed  attenuation  coefficient,  and  since  we  had  no  basis  for 
the  assumption  other  than  what  others  had  measured  on  other  ahcek  tube#,51 
it  was  decidsd  to  measure  attenuation  cn  our  ahock  tube  so  that  a  rvllabl# 
attenuation  rate  could  be  established. 

The  shock  tube  was  set  up  with  three  thin  film  heat  gages  at  points 
A,  B,  and  C  of  flfcure  71  to  measure  two  velocities.  Timers  were  wired  to 
read  times  for  ahock  passage  from  A  to  8  and  free  A  to  C  with  the  distances 
between  these  points  were  eccurately  measured.  The  velocities  of  passage 
from  A  to  B  and  free  B  to  C  were  then  calculated  and  fitted  into  the 
exponential  attenuation  model5* >  to  calculate  an  attenuation  coefficient 
A*.  The  model  says  that 

-  1),  _ 

T"iJi  *  “P(  *  *  j) 

where  M,  is  the  Mach  nuafcer,  X  is  length  from  point  1  to  point  2,  end  D  is 
tubs  diameter. 

An  experimental  program  was  designed  to  gain  information  about  the 
scatter  in  replications  and  the  effect  of  shock  strength  and  tubs  pressure 
on  attenuation  coefficient.  Three  replications  were  done  at  each  of  five 
Pi,  P*/Pi  positions  (for  nomenclature,  see  reference  50  )  to  gain  the  necessary 
information.  The  results  are  tabulated  in  Table  118  along  with  the  values  of 
A*  ths  attenuation  coefficient  based  on  hydraulic  radius  of  toe  tube.  With 
this  data  a  correlation  of  attenuation  coefficient  versus  P*  and  P4/P1  say 
be  ssde,  but  it  should  be  kept  in  mind  that  the  influence  of  the  variance  say 
ba  quits  significant.  The  correlation  is  A’  •  0.00*56  -  0.0000*5T  Pi  ♦ 
O.OOOO696  (P4./P1).  Sobs  experiments  measuring  both  ignition  delay  and  shock 
attsouatiou  have  been  made  but  the  data  has  not  been  reduced  as  yet. 
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F1»k»  71.  LAYOUT  07  SHOCK  TUB!  SHOWING  POSITIONS  Of  INSTRUMtNTS 
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Pi  ■  initial  jreaaura  in  dbock  tut* 

P«  -  initial  prvmura  In  driver 
V4  «  coefficient  of  variance 


Pw 

P4/P1 

aperlswntal 

Calculated, 

»  He 

A*  x  10® 

VX*  w* 

A  x  10® 

40 

60.7 

2.78 

35.7 

0.70 

40 

100 

6.25 

131 

1.56 

100 

60.7 

3-9»» 

16. 5 
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3.26 

59-1 

.62 
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80.35 

5.56 

190 

1.39 
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Present  Status  and  Future  Projections 

I.  A  recent  calculation  of  the  amount  of  cooling  required  by  a 
•uparacrlc  cccbusticn  ramjet  engine  at  Mach  8  indicated  a  requirement  of  ca 
1900  Btu/lb.  Although  thia  vu  an  the  baeie  of  simplifying  assumptions  the 
result  does  reinforce  our  conviction  that  useful  cooling  should  be  available 
for  engines  operating  into  this  speed  range  through  endothermic  reactions, 
we  will  continue  to  generate  or  accumulate  data  bearing  on  this  aspect  of  the 
problem. 


II.  Varieties  of  reactions  of  fuels  and  catalysts  have  been  exaadasd 
using  the  recently  developed  pulse  reactor.  This  reactor  has  a  number  of 
advantages,  including  practically  isothermal  conditions  and  ouch  greater 
flexibility  with  respect  to  the  time  required  for  carrying  out  an  experiment 
and  the  nature  of  the  reaction  environment.  Since  the  amount  of  fuel 
required  for  carrying  out  an  investigation  is  trivial  (1  ul/erperiaent)  it 
allows  us  to  examine  erotic  fuels  without  any  substantial  mom  ‘-ary  expendi¬ 
ture.  present  studies  have  indicated  that  the  rate  of  reaction  of  Decal In 

in  the  pulse  reactor  is  greater  by  a  factor  of  approximately  200  than  i«»  the 
bench  acale  reactor  and  probably  tnus  cornea  cloeer  to  the  rate  that  might  be 
expected  with  a  very  finely  dispersed  catalyst.  The  ouch  emaller  difference 
obeerved  between  variois  catalysta  in  the  pulse  reactor  auggesta  that  it  may 
be  possible  to  greatly  reduce  the  amount  of  catalytic  metal  in  the  catalyst 
and  still  achieve  equivalent  reactivity. 

The  pulse  reactor  haa  also  been  used  to  study  the  possibility  of 
increasing  the  rate  of  thermal  cracking  quantitatively  under  low  temperature 
conditions.  A  large  number  of  possible  free  radical  generating  compounds 
have  been  tested  and  rate  increases  of  several  fold  have  been  observed  at 
ca  800*F.  Since  these  also  are  "integral"  catalysta  this  type  of  investiga¬ 
tion  will  be  continued. 

III.  Additional  Information  on  the  relation  between  pore  aixe  of 
catalysts  and  their  stability  has  been  determined  with  respect  to  the  HCH- 
Pt/AlaO^  catalyrt  system.  Results  confirm  those  previously  observed  with 
Decalin  and  indicate  that  generally  speaking  greater  catalyst  stability  is 
associated  with  mall  pore  diameter.  The  one  exception  noted  may  be 
associated  with  pore  size  distribution.  Since  one  of  the  important  probleam 
we  must  face  in  the  future  is  the  development  of  catalysts  of  high  thermal 
stability,  observations  of  thia  sort  are  important  in  pointing  the  direction 
to  proceed. 


IV.  Laboratory  facilities  for  the  sUny  of  the  thermal  reaction  of 
candidate  fuels  have  been  improved  to  Include  the  possibility  of  operation 
up  to  1500  pai.  In  studies  up  to  1000  pal  the  observation  that  the  rate  of 
thermal  reaction  of  MCH  and  Decalin  is  independent  of  pressure  confirms  that 
the  reaction  is  first  order  to  thia  pressure  limit.  There  is  acme  indication 
of  changes  in  product  distribution  as  a  result  of  increasing  pressure, 
particularly  coke  formation.  Further  experimentation  will  be  required  to 
isolate  the  effects  of  the  pressure  and  contact  tima. 

V.  Examination  of  bi cycloheptane  under  both  tnarmal  and  catalytic 
conditions  pointa  up  the  desirability  of  utilising  thia  bridge  ring  type 
structure  because  of  its  high  thermal  stability  but  also  tka  problesm  in 
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achieving  high  haat  sink  availability.  Both  BCH  and  rtO  are  lata  reactive 
thermally  but  apparently  will  not  dehydrogenate  over  the  preaant  pt/AlsO^ 
catalyst  used.  Since  upwards  of  2000  Btu/lb  are  thc^retic-lly  poesibla  by 
endothermic  reaction  of  this  type  of  compound,  the  possibility  of  utilising 
different  types  of  catalysts  will  be  examined. 

71.  Continued  fruitful  experimentation  has  proceeded  in  connection 
with  catalysts  for  the  dehydrogenation  of  candidate  fuel  aaterlals.  Areas  of 
experimentation  embrace  three  types  of.  catalysts:  conventional  bed,  reactor 
tube  well,  and  dispersed  phase. 

VII.  The  possibility  of  achieving  an  improved  catalyst  of  the 
conventional  for*  has  had  considerable  attractiveness  since  this  would  allow 
a  reduction  in  the  amounts  of  catalyst  used  for  the  bringing  about  of  the 
reaction  and  hence  reduce  both  the  weight  and  pressure  drop  occasioned  by  the 
presence  of  the  catalyst.  Under  the  present  program  we  have  now  obtained  or 
prepared  and  generally  examined  827  catalysts.  For  the  firet  time  we  have 
achieved  a  nco-platinua  containing  catalyst  which  seems  to  be  the  equal  to 
the  reference  catalyst  in  reactivity  and  selectivity  slthough  the  particular 
catalytic  element  involved  in  this  cast  ie  somewhat  restricted  in  availability 
and  high  In  price.  The  fact  that  this  improvement  was  achieved  by  pretreat¬ 
ment  of  the  support  lends  encairagement  to  ths  Idea  of  making  sane  Improve¬ 
ments  with  catalysts  having  cheaper  catalytic  elements.  Similarly,  improve¬ 
ments  in  platinum  catalysts  by  modification  of  the  support  have  been  achieved. 

VIII.  Activity  in  the  ares  of  wall  catalysts  is  continuing  to  be 
focuaed  on  the  problem  of  increasing  adhesion.  Methods  here  include  pre- 
treatment  of  the  tube  tmll  by  sandblasting  and  acid  treatment  as  well  as 
precoating  with  various  materials  and  by  various  means.  Although  no  evidence 
of  spalling  was  encountered  In  FSSTR  runs  with  two  different  catalyst  lined 
tubes,  the  runs  were  not  particularly  long.  Initial  tests  of  the  two  lined 
reactor  tubes  in  the  FSSTR  Indicated  that  this  mode  of  application  Indeed  has 
considerable  promise.  Operation  was  possible  at  a  space  velocity  of  8, 590 
with  35*,  conversion  of  MCH  to  toluene  without  significant  pressure  drop.  Exper¬ 
iments  Indicate  that  ths  stability  of  ths  catalyst  could  be  a  problem  since, 
evsn  though  production  of  toluene  per  gram  of  platinum  per  hour  was  about  A 
times  that  in  a  comparable  packed  bed  reactor,  the  catalysts  showed  signs 

of  deactivation  towards  the  end  of  the  experiment.  Methods  of  improving  the 
thermal  stability  of  the  catalyst  under  these  application  conditions  will 
ocntlnue  to  be  studied  in  the  future. 

IX.  Results  achieved  with  a  variety  of  integral  catalysts  have 
been  enoouraglng  In  that  tome  activity  has  been  observed  with  quite  e  number 
of  materials  tested  even  though  conversion  and  selectlvities  have  not  been 
high.  The  implication  is  that  this  sort  of  catalytic  activity  ie  not  e 
unique  property  of  a  single  element  end  that  the  activity  of  the  catalyst  is 
e  function  of  the  particular  structure  in  which  the  element  exists.  This 
suggests  that  continued  experimentation  will  have  a  reasonable  chance  for 
success  and  that  it  may  be  possible  to  tailor  additive  molecules  which  will 
have  sufficient  activity.  Because  of  the  poaaibility  of  achieving  a  great 
simplification  of  the  mode  of  application  experiments  in  this  direction  will 
be  continued. 
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X.  CM  of  the  sort  active  granular  »U1^4  to  be  produoed  under 
our  catalyst  dsvelopocr.t  program  (Shall  113)  has  been  directly  compared  In 
tha  FSSTR  to  tha  R-8  catalyat  usually  employed.  Under  a  1*1  la r  operating 
conditions,  vith  MCH,  yields  were  5-1/2  percent  higher  at  30*F  lower  axlt 
temperature.  Indication*  cf  deactivation  which  occurred  at  tha  highest 
temperatur ea  again  auggeat  the  necaeaity  of  continuing  to  work  for  the 
improvement  In  the  thermal  stability  of  our  catalyst*. 

XI.  Decalin  ha*  bean  dehydrogenated  for  tha  first  tin*  In  tha 
FSSTR, again  u*ing  the  Shell  113  catalyst.  Baaed  on  present  analyses  reactiv¬ 
ity  was  comparable  to  that  observed  with  MCH  and,  on  that  score,  Decalin  should 
prove  to  be  a  aatiefactory  endothermic  fuel  candidate.  As  observed  in  bench 
•cale  experiment#  Decalin  cauaed  more  rapid  catalyst  dsactlvatlcn  than  did 
MCH. 


XII.  We  are  in  the  midst  of  the  study  to  determine  the  nonreactiva 
cooling  capability  of  four  different  fuels  of  widely  different  properties: 
MCH,  Decalin,  SHEIlDYTrt-H,  r-71.  While  this  study  is  being  dona  in  anticipa¬ 
tion  of  the  possibility  of  utilising  a  fuel  of  one  of  these  types  for  cooling 
■issiles,  the  information  will  have  applicability  in  other  types  of  applica¬ 
tions  where  nanreactive  fuel  cooling  is  utilised  and  also  in  the  preliminary 
portion  of  an  endothermic  cooling  system.  The  first  portion  of  this  study 
under  low  severity  conditions  (i.e.,  high  heat  flux  but  relatively  low  wmll 
temperature)  has  been  completed  and  all  four  fuels  will  be  tasted  under 
conditions  of  high  wall  temperature  as  well  as  high  heat  flux.  All  of  tha 
heat  transfer  information  being  gathered  in  the  operation  of  the  minl-rSST!! 
la  being  utilized  for  the  construction  of  the  regenerative  heat  exchanger 
model.  Data  obtained  utilizing  MCH  as  a  fluid  haa  beer,  correlated  at  heat 
flute*  up  to  6  x  10®  Btu/hr/aq  ft.  Excellent  correlation  was  obtained  with 
the  equation  Nu  *  0.000595  Re1"081  x  Pr0,728,  being  much  better  than  with 
either  the  Dittue-Boelter  or  the  Sieder-Tate  equations.  A*  more  infarction 
ia  obtained  in  the  operation  of  tha  aini-FSSTR,  both  with  different  tube 
diametera  and  different  fuel*,  it  will  be  examined  in  a  similar  way.  The 
correlations  are  being  made  available  on  computer. 

XIII.  After  attempting  for  *ooe  time,  without  success,  to  adapt 
the  kinetic  form  representing  the  reaction  for  the  dehydrogenation  of  MCH  to 
the  similar  reaction  with  Decalin,  we  have  developed  a  kinetic  model  with 
first  order  step*  in  the  hydrocarbon.  Coefficient*  representing  the  rate 
P8r*a*ter*  1°  equation  have  been  calculated  from  bench— scale  data  by 
regression  analysis.  The  kinetic  model  ha*  been  reduced  to  a  computer 
program  which  will  be  fitted  at  a  subroutine  into  the  existing  packed-bed 
reactor  program  which  will  then  be  utilised  to  analyse  the  data  obtained  tot 
the  dehydrogenation  of  Decalin  in  tha  FSSTR. 

XIV.  Vs  continue  to  study  the  thermal  stability  of  interesting 
fuels  in  a  manner  related  to  the  customary  (coker)  method  of  rating  fuels  far 
thermal  stability.  Va  recently  derived  correlation*  for  Decalin  with  respect 
to  temperature,  pressure  and  light  transmission  change*.  V*  found  by  regres¬ 
sion  analyse*  that  our  SD  Coker  data  correlate*  well  with  tsaperatu re  but 
pressure  within  the  range  of  experimentation  had  no  effect  and  the  changes  of 
oolor  during  the  test  were  not  corralatable  with  the  rated  thermal  stability. 
Ve  have  found  that  titaniua  apparently  induces  more  deposit  formation  than 

aluminum.  This  coupled  with  the  recent  observation  cf  the  dependence  of 
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thermal  cracking  rate*  cn  tub*  ccs^oaitian  point*  out  ths  necessity  for 
giving  critical  attention  to  ths  material*  of  construction  of  heated  fuel 
syvteo*.  Further  demcmetratian  of  the  complexity  of  this  phenoaenan  (if 
such  be  needed)  Is  provided  by  th*  observe  tier,  of  the  synergy  exhibited  by 
th*  two  fractions  of  deposit  inducing  mterial*  #e  pert  ted  from  Dectlin. 
Experiment*  designed  to  improve  our  understating  of  the  general  yhenomenen 
of  theme!  stability  and  the  reliability  of  the  equipment  that  w*  hare 
available  for  study  will  be  continued. 

j  XV.  Th*  possibility  of  achieving  no re  significant  datt  with 

j  respect  Vo  thermal  stability  for  different  endothermic  and  missile  fuels  has 

j  hinged  on  th*  possibility  of  establishing  a  sore  critical  and  significant 

■  rating  method  for  tubes  used  in  the  SD  Coker  and  the  CAFSTR.  Various  Methods 
of  determining  th*  amount  of  deposit  an  the  tube  have  been  evaluated  both 
analytically  and  experimentally.  At  the  present  time,  we  consider  the  no  re 
promising  aethoda  to  be  combustion,  utllixing  either  pure  oxygen  or  ozone, 

,  end  bsta-ray  baekscetteriag.  On  the  basis  of  fivorable  results  with  a  "bread 

board",  model  of  the  beta-ray  backscattering  apparatus  we  proceeded  with  the 
cssign  and  have  received  authorization  for  ths  construction  of  a  prototype 
nodal.  This  Is  intended  to  accept  tubes  either  froa  Erdco  or  5D  cokers,  the 
CATSTR  or  the  (mall  Ale or  or  Erdco  JFTOT  tubes. 

XVI.  Vs  aalntaln  s  continuing  effort  to  a c cumulate  physical  and 
transport  properties  for  all  fuel*  and  products  of  interest  in  this  investi¬ 
gation  and  to  improve  the  methods  of  arriving  at  suen  data.  An  improved 
version  of  our  method  of  calculation  is  given  In  the  present  report  together 
with  the  properties  derived  fro*  a  50*50  xlxtura  of  ths  two  iecaers  of  Decalin, 
JJ^*5  and  preliminary  value*  for  SHELIDYNE-H.  Similar  values  will  be  calcu¬ 
lated  for  other  fuels  In  the  future. 

XVII.  Not  ouch  additional  data  on  combustion  has  been  obtained  in 
ths  current  year  but  wora  has  gone  forward  on  tbs  upgrading  of  our  shock  tube 
to  enable  it  to  handle  fuels  of  higher  molecular  weight.  The  entire  tube  can 

|  now  be  theraostated  to  150*C  and  the  operating  pressure  can  be  raised  to  100 

■  psi.  The  higher  temperature  of  operation  necessitated  the  provision  of  a 

i  sliding  platform  for  carrying  the  free  end  of  the  tube  and  its  associated 

;  Instruments.  In  an  attempt  to  achieve  greater  precision  in  our  measurements 

an  experimental  value  of  the  attenuation  coefficient  was  determined. 

f  XVIII.  By  utilising  the  slope  of  the  COg  concentration  versus  time 

curves  from  shocking  oxidations  we  have  been  able  to  get  too*  Indication  of 
j  th*  rate  of  oxidation  of  hydrocarbons  in  the  shock  tube.  Comparison  of  th-*se 

values  between  no  red  octane  and  SHZUDYNE-H  indicates  that  the  rates  of 
oxidation  are  about  equal  and  both  have  similar  low  energies  of  activation. 

This  emphasis**  tbs  desirability  of  studying  th*  effects  of  additives  far 
increasing  the  rate  of  oxidation  under  such  conditions. 
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